Hectronic 
Engineering 


Incorporating... ELECTRONICS, TELEVISION & SHORT WAVE WORL 





VOL. 22 No. 274 DECEMBER, 1950 


PRICE 2/- 


Mk. Vil 


to prevent speaker resonance, and the cross- 


THE Stereophonic Amplifier Mk. VII 
according to users gives the highest 
quality of any reproducer so far produced. 
This high quality is to be expected when the 
particular points of the design are considered. 


The large reduction of intermodulation 
distortion and Dopler effect is achieved by 
completely separate amplifier channels for 
the high and low frequencies terminating in 
separate speakers. The latter may be sepa- 
rated by any convenient distance to prevent 
pressure wave modulation and it is unneces- 
sary to restrict the bass to prevent marring 
treble. 


In each case the speaker is damped by a 
minimum of 12 times at audible frequencies 


over is very fast, approximately 28 db for 
the first octave. A control is provided to 
vary the power applied to the treble speaker, 
to compensate for its efficiency compared 
with the bass speaker and a frequency 
record reveals the absence of dip or rise in 
Output at crossover frequencies. 


The treble control gives 20 db lift or 14db 
cut from 3,000 cycles and compensates for 
long playing records and various American 
and English recording characteristics. 


The small improvements in the latest 
model amplifier result in reproduction 
which is extremely good and capable of 
pleasing all tastes. 


Manufactured by 


VORTEXION 


Telephones 


LIMITED 


257-263 THE BROADWAY, WIMBLEDON, LONDON, S.W.19 
LiBerty 2814 and 6242-3. 


Telegrams: ‘‘ Vortexion, Wimble, London 
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Let us design and manufacture the multi-unit cable 
you need to meet your specific requirements! It may include 
coaxial, twin, quad and small power or control cores in 
any combination. 


We have produced numerous multi-unit low-loss 
cables to meet specialised needs* as well as a wide range of 
R.F. cables for every use, and now offer YOU the services 
of our engineers and the vast research and production 
facilities of the BICC organisation. 


Why not investigate this unique offer ? Write to-day 
and let us assist with your low-loss cables problems. 


*The flexible multi-core cables shown here were 
specially produced by BICC for Pye Ltd. mobile 
television equipment. 


& LOW*bhOSS CABLES 


BRITISH INSULATED CALLENDER’S CABLES LIMITED 
NORFOLK HOUSE, NORFOLK STREET, LONDON, W.C.2 
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OFFICIAL APPOINTMENTS 


MINISTRY OF SUPPLY (Atomic Energy 
Division) invites applications from Physicists for 
a London appointment in the Scientific Officer 
Class. Candidates should have a good Degree in 
Physics and have had several years’ research 
experience on Nuclear Physics, Electronics or 
an allied subject. Some factory production or 
managerial experience in addition would be an 
advantage. The selected candidate will be offered 
appointment in the grade of Principal or Senior 
Scientific Officer according to age, qualifications 
and experience, within the following ranges :— 
P.S.0., £1,000-£1,375 ; S.S.0., £700-£900. “ae 
for women somewhat lower. Post carries F.S.S.U. 
benefits. Application forms obtainable from 
Ministry of Labour and National Service, Technical 
and Scientific Register (K), York House, Kings- 
way, London, W.C.2, quoting A.285/50A. Closing 
date fourteen days after the appearance of this 
advertisement. W 2566 


ADMIRALTY invites applications for 
unestablished appointments as Technical Author 
in various Naval Establishments. The duties are 
to prepare Technical Publications and Handbooks 
on electronic equipment used in H.M. Ships. The 
posts will be graded in one or other of the ranges :— 
£625 by £25 to £750 or £500 by £20 to £625, accord- 
ing to qualifications and experience. Rates outside 
London will be a little lower. Candidates should 
have had experience in the production, mainten- 
ance and/or operation of radio and _ radar 
equipment or electronic contro] systems. In 
addition, they should either have completed an 
engineering apprenticeship or equivalent training 
and possess technical knowledge to the standard of 
Higher or Ordinary National Certificate, or 
alternatively, have had extensive experience in one 
or other of the appropriate technical and specialist 
branches of the Royal Navy. Preference will be 
given to those who have had previous experience 
in technical writing. Write, quoting D.49/50-A, 
to Ministry of Labour and National Service, 
Technical and Scientific Register (K), York House, 
Kingsway, W.C.2, for application form, which 
must be returned completed by fourteen days after 
the appearance of this advertisement. W 2569 


MINISTRY OF SUPPLY invites applications 
from Electronic Engineers and Physicists for 
unestablished appointments in the Scientific 
Officer and Experimental Officer Classes at the 
Royal Aircraft Establishments, Farnborough, 
particularly in the fields of Radio Communications, 
including microwave techniques, circuit design and 
Measurements, servo mechanisms and measure- 
ment of flight parameters. (1) Scientific Officer 
Class. Candidates must have a good Honours 
Degree in appropriate subject or equivalent 
qualifications. At least three years’ post-graduate 
research experience required for Senior posts. 
Grade and salary to be assessed according to age, 
date of graduation and experience, within the 
following ranges: Senior Scientific Officer 
(minimum age 26), £670-£860; Scientific Officer, 
380-£620. Rates for women somewhat lower. 
‘ost carry F.S.S.U. benefits. (2) Experimental 
Officer Class: Minimum qualifications is Higher 
School Certificate with Mathematics or a Science 
subject as a principal subject, but candidates with 
other qualifications, such as Higher National 
Certificate in Electronics or Light Electrical 
Engineering, or a pass Degree in Physics, are 
invited to apply. Appropriate experience is 
required for senior posts and would be an advantage 
for all appointments. Grade and salary to be 
assessed according to age, experience, etc., within 
following ranges: Senior Experimental Officer 
(minimum age 35), £705-£895; Experimental 
fficer (minimum age 28), £495-£645; Assistant 
Experimental Officer, £220-£4 Rates for 
women somewhat lower. Application forms 
obtainable from Ministry of Labour and National 
Service, Technical and Scientific Register (K), 
York House, Kingsway, W.C.2, quoting D.220/50-A. 
Closing date, fourteer days after appearance 
of this advertisement. W 2581 


A 


MINISTRY OF SUPPLY invites applications 
from Electronic Engineers and Physicists for 
unestablished appointments in the Experimental 
Officer Class at Research and Development 
Establishments in the South Midlands. Candidates 
should possess at least Higher School Certificate or 
equivalent qualification, but special consideration 
would be given to applicants who have such 
additional qualifications as a full apprenticeship in 
Light Electrical Engineering or Electronics, or a 
Degree in Physics or Electrical Engineering. 
Experience of radar or radio gained in the Services 
or in industry of electronic techniques, particularly 
in the U.H.F. range, or of valve development, 
would also be an advantage. Salary according to 
age, qualifications and experience, within ranges : 

Experimental Officer (min. age 28), £495-£645; 
Assistant Experimental Officer, {220-£460. Rates 
for women somewhat lower. Application forms 
obtainable from Ministry of Labour and National 
Service, Technical and Scientific Register (K), 
York House, Kingsway, London, W.C.2, quoting 
D.253/50A. Closing date, fourteen days after date 
of appearance of this advertisement. W 2580 


PHYSICISTS and Electrical Engineers are 
invited to apply for following unestablished 
appointments in Scientific Officer Class at a 
Ministry of Supply Research and Development 
Establishment in the South Midlands. Principal 
Scientific Officers : (1) To lead a team in electronics 
research with special reference to microwave 
techniques; (2) to lead a team engaged on 
development of fire control radar equipment. 
Considerable experience of either radar equipment, 
servo mechanisms or of general electronics is 
essential. Candidates for these posts should be at 
least 31 years of age, possess an Honours Degree 
or equivalent in Physics or Electrical Engineering 
and show evidence of a good record of individual 
research and development work and of adminis- 
trative ability. Scientific Officers (2 posts) for 
research and development work on Army radar 
equipment. Candidates should have a_ good 
Honours Degree in Physics or Electrical Engineer- 
ing, with an interest in electronics or microwave 
techniques. Salaries according to age, qualifica- 
tions and experience, within ranges: Principal 
Scientific Officers, {960-£1,295 ; Scientific Officers, 
£380-£620. Posts carry F.S.S.U. benefits. Rates 
for women somewhat lower. Application forms 
obtainable from Ministry of Labour and National 
Service, Technical and Scientific Register (K), 
York House, Kingsway, W.C.2, quoting A.296/50A. 
Closing date, fourteen days after the appearance of 
this advertisement. W 2570 


ADMIRALTY. Vacancies exist for Electrical 
and/or Mechanical Engineering Draughtsmen in 
Admiralty Research and Development Establish- 
ments located in the vicinity of Weymouth, 
Portsmouth, Teddington (Middlesex) and Baldock 
(Herts. ). Draughtsme n experienced in light 
current, electro-mechanical, precision mechanical 
and electronic equipment are particularly needed. 
Candidates must be British subjects of 21 years of 
age and upwards, who have had practical workshop 
experience (preferably an apprenticeship), together 
with drawing office experience. Appointments will 
be in an unestablished capacity, but opportunities 
may occur for qualified staff to compete for 
established posts. The salaries offered, depending 
on age, experience, ability and place of duty, will 
be within the range £283-£510 per annum. 
Exceptionally well-qualified candidates may be 
considered for appointment in a higher grade 
within the salary range £470-£610 per annum. 
Hostel accommodation is available at some 
Establishments. Applications, stating age and 
details of technical qualifications and apprentice- 
ship (or equivalent) and workshop and drawing 
office experience, should be sent to Admiralty 
(C.E.11, Room 88), Empire Hotel, Bath. Original 
testimonials should not be forwarded with applica- 
tion. Candidates required for interview (at London 
or Bath whichever is nearest) will be advised 
within two weeks of receipt of application. W 2601 


ELECTRONIC ENGINEERS and Physicists are 
invited by the Ministry of Supply to apply for 
unéstablished appointments in the Experimental 
Officer Class at Research and Development 
Establishments in and near London. Minimum 
qualification, Higher School Certificate. Applica- 
tions also invited from candidates holding Higher 
National Certificate in Light Engineering, including 
electronics, or higher qualifications. Experience in 
the following fields is desirable: electronic 
measurements in connexion with field trials ; 
radio and electronic circuitry ; high-speed electrical 
transients; electronic development; general 
experimental research requiring some mathematical 
facility. Salary according to age, qualifications and 
experience, within ranges : Experimental Officer 
(minimum age 28), £525-£675 (London), £495-£645 
(Provincial); Assistant Experimental Officer, 
£230-£490 (London), {£220-£460 (Provincial). 
Rates for, women somewhat lower. Application 
forms obtainable from Ministry of Labour and 
National Service, Technical and Scientific Register 
(K), York House, Kingsway, W.C.2, quoting 
A.294 /50A. Closing date, fourteen days after the 
appearance of this advertisement. W 2571 


APPLICATIONS are invited by the Ministry of 
Supply from Physicists and Electronic Engineers 
for unestablished appointments in the grade of 
Senior Scientific Officer or Scientific Officer 
at a research establishment near London. (1) 
Electrical Engineer, qualified in radio communica- 
tions, with an interest in the engineering of 
development prototypes. (2) Physicist with 
interest in the application of electronic techniques 
to the solution of physical problems. (3) Physicist 
for work on the application of electronic methods 
to photography of detonation phenomena. (4) 
Physicist for experimental research on the effect of 
blast; good Mathematical knowledge required. 
Candidate should possess an Honours Degree or 
equivalent in Physics or Electrical Engineering. 
For the senior grade the minimum age is 26 and at 
least three years’ post-graduate research experience 
is required. Salary according to age, qualifications, 
experience, etc., within the ranges S.S.O. (Male), 
£670-£850; S.O. (Male), £380-£620. The posts 
carry F.S.S.U. benefits.. Rates for women some- 
what jower. Application forms obtainable from 
Ministry of Labour and National Service, Technical 
and Scientific Register (K), York House, Kingsway, 
W.C.2, quoting <A.313/50-A. Closing date, 
December 15th 1950. 2600 


APPLICATIONS are invited by Ministry of 
Supply from Electronic Physicists and Engineers 
for unestablished appointments in the Scientific 
Officer Class at Research and Development 
Establishments ma ainly in the South of England. 
Candidates should have a good Honours Degree in 
Physics or Light Engineering. Post-graduate 
research, or experience in a technical branch of 
H.M. Forces, or in industry, in some aspect of 
Electronics would be an advantage. Candidates 
for the Senior grade should be at least 26 years of 
age and have had not less than three years’ post- 
graduate research experience. Salary according to 
age, qualifications and experience, within ranges 
(male) : Senior Scientific Officer, £700-£900 (Lon- 
don), £670-£860 (Provincial); Scientific Officer 
£400-£650 (London), £380-£620 (Provincial). 
Posts carry benefits of F.S.S.U. Rates for women 
somewhat lower. Application forms obtainable 
from Ministry of Labour and National Service, 
Technical and Scientific Register (K), York House, 
Kingsway, W.C.2, quoting A311/50A. Closing 
date, December 15, 1950. W 2602 


URGENTLY required for employment in Swindon 
area, Personnel experienced in the maintenance 
and repair of Radar Fire Control Equipment. 
Salary, £380 per annum, rising to £495 per annum. 
Opportunities for advancement. Applicants must 
give full details of agé, practical experience, and 
technical qualifications held. Replies, quoting 
Swindon Vacancies, should be addressed to 
A.D.M.E., 2 A.A. Barossa Barracks, 
Aldershot, Hants. W 2606 
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CLASSIFIED ANNOUNCEMENTS (Cont'd.) 





UNIVERSITY COLLEGE, London, has a 
vacancy in the Department of Psychology for a 
Grade I Technician. Experience in construction 
and maintenance of electronic and_ electrical 
apparatus and metal work. Salary scale, £390 by 


£13 to £481. Family allowance scheme. Applica- 
tion forms from the Secretary, University College, 
London, Gower Street, W.C.x, quoting 
Psychology/2. W 2609 








SITUATIONS VACANT 


RADIO ENGINEERS required. The General 
Electric Co. Ltd., are expanding their Radio 
Development Laboratory at Coventry and a 
number of vacancies for Senior and Junior 
Engineers exist at present and a further consider- 
able number of vacancies will occur during the next 
few months in the new laboratory. Applications 
are invited from Development Engineers with 
experience of micro-wave radio or radar techniques 
who are capable of developing equipment and com- 
ponents to Service Specifications. Write, quoting 
Ref. CHC. (3), to Personnel Officer, General 
Electric Co. Ltd., Radio and Television Works, 
Spon Street, Coventry. W 2491 


ELECTRICAL ENGINEERS or Physicists 
required with experience in the theory and practice 
of servo-mechanisms and analogue computers for 
interesting new development work near London. 
Apply, mentioning Ref. DEF, to Box No. W 2484. 


E. K. COLE LTD. (Malmesbury Division) invite 
applications from Electronic Engineers for per- 
manent posts in development laboratories engaged 
on iong-term projects involving the following 
techniques: (1) se generation and _trans- 
mission. (2) Servo mechanisms. (3) Centimetric 
and V.H.F. systems. (4) Video and feedback 
amplifiers. (5) V.H.F. transmission and reception. 
There are vacancies in the nior Engineer, 
Engineer and Junior Grades. Candidates should 
have had at least 3 years’ industrial experience 
in the above types of work, together with educa- 
tional qualifications equivalent to A.M.I.E.E. 
examination standard. Commencing salary and 
status will be commensurate with qualifications 
and experience. Excellent opportunities for 
advancement are offered with entry into pension 
scheme after a period of service. Forms of applica- 
tion may be obtained from Personnel Manager, 
Ekco Works, Malmesbury, Wilts. W 2525 


MANAGER required to take charge and develop 
service department of Home Company trading in 
British Central Africa, handling radios, refriger- 
ators, typewriters and sewing machines,, etc. 
Sound electrical and radio knowledge essential. 
Preliminary training will be given in other service 
requirements before departure. Four years’ 
contract with passage, housing, paid leave, etc. 
Good salary and prospects. Address, 1301, Wm. 
Porteous & Co., Glasgow. W 2554 


AN INTERESTING and progressive position 
exists for a qualified Electrical Engineer, in 
connection with the design and development of 
servo and electro-magnetic equipment for aircraft. 
Apply, giving age, details of experience and 
salary required to Mr. G. Orloff, Chief Designer, 
British Messier Ltd., Cheltenham Road East, 
Gloucester. W 2530 


MARINE RADAR ENGINEER required by 
major British Oil Company for service at a Middle 
East Port. Applicants must not be over 35 years 
of age, and must be Associate Members of the 
Institute of Electrical Engineers or possess com- 
parable Academic qualifications, coupled with 
a wide knowledge and experience of post-war 
Mercantile Marine Radar equipment maintenance. 
General knowledge and some experience of Marine 
Radio Communication Systems would be an 
advantage. The successful applicant will be 
required to institute a small maintenance depot 
capable of offering emergency service to ships 
fitted with a variety of radar equipments. He 
would also be required as a secondary commitment 
to service Marine Radio Communication Systems 
including V.H.F. radio telephone equipment. 
The post carries an attractive salary commensurate 
with the above plus a generous allowance in the 
local currency, there is a Pension Scheme, and 
terms and conditions of service are good. Write, 
giving personal particulars and details of qualifica- 
tions and experience, quoting Department F.205, 
to Box No. 2907, at 191, Gresham House, London, 
E.C.2. 115 


Electronic Engineering 


PHYSICIST or Electronic Engineer required for 
the development of apparatus for physical measure- 
ments. Preferably Honours Degree standard, or 
equivalent, with several years industrial experi- 
ence. Full particulars, age, qualifications, experi- 
ence, salary required, etc., Box A.E. 95, c/o, 
Central News Ltd., 17, Moorgate, London, E.C.z2. 

W 2532 


A TELEVISION Receiver Manufacturing Com- 
pany in the North West requires a Chief Engineer. 
Only experienced engineers interested in the 
design and progressive development of a range of 
high quality receivers for quantity production 
need apply. Write giving full details mentioning 
ref. DDG to Box No. W 2534 


A NUMBER of interesting vacancies have arisen 


-for Physicists and Engineers for experimental 


and design work in research teams of the Research 
Laboratories of The General Electric Co., Ltd., 
East Lane, North Wembley, Middlesex. A variety 
of problems are being investigated and applications 
will be considered from men with both general and 
specialised training and experience in the fields of 
physics and light mechanical or electronic engineer- 
ing. Details of openings will be sent to all selected 
candidates who send particulars of their qualifica- 
tions and experience to the Personnel Officer 
(Ref. GBLC/33/2). Replies will be sent to all 
letters. W 2539 


RADIO ENGINEERS, experienced, required for 
work on Communication Receivers, D.F. Equip- 
ment. Work in N. London or S.W. Area of 
London. Write, giving particulars of experience, 
to Box No. W 2583. 


AN EXPERIENCED Valve Engineer is required 
for employment at Chelmsford. Applicants should 
be 25-35 years of age, qualified engineers, and 
preference will be given to applicants with previous 
design or production experience of small trans- 
mitting valves. Write, giving full details of 
previous experience, mentioning Ref. 497B, to 
Central Personnel Services, English Electric Co., 
Ltd., 24-30, Gillingham Street, London, S.W.1. 

W 2584 


DESIGN DRAUGHTSMEN are required by 
Wayne Kerr for work covering a wide range of 
electronic applications, measurements and radio 
communications. Applicants should have had 
several years of experience in this class of engineer- 
ing. Write, giving full details of qualifications and 
experience, to the Senior Project Engineer, Wayne 
Kerr Laboratories Ltd., Sycamore Grove, New 
Malden, Surrey. W 1209 


WAYNE KERR have vacancies in _ their 
Laboratories for a Senior Development Engineer 
and a Development Engineer to undertake design 
and development work covering a wide field of 
electronic applications and measurements. Appli- 
cants should apply, in writing, to the Chief 
Development Engineer, Wayne Kerr Laboratories, 
Ltd., Sycamore Grove, New Malden, Surrey. 

W 1210 


TELEVISION ENGINEER required for central 
service department, good experience essential. Full 
details to W. H. Barnes Ltd., 36-38, Peckham 
Road, S.E.5. W 1182 


UNIVERSITY of Glasgow requires, for work in 
the Physiology Department, a technician (GradeA) 
with experience in building electronic devices. 
He will be required to construct to specification 
high-gain L.F. amplifiers, stabilised power supplies, 
time bases, etc. A good standard of workmanship 
is expected. A knowledge of Physiology is not 
essential, but a successful applicant would be 
expected to learn Physiological laboratory tech- 
nique. Salary scale, £350-£435. Applications, 
stating experience and qualifications, should be 
sent to the Senior Administrative Assistant, The 


University, Glasgow, W.2. from whom further 
particulars may be obtained. W 1205 
A NUMBER of Senior Radio Development 


Engineers are required by the Research Division 
of the Plessey Company to work on interesting 
long-term radio communications projects. 
Candidates must be British born, between the ages 
25-35 and should have some years’ experience in 
the design of radio communications equipment. 
The posts are permanent and pensionable. Apply 
to Plessey Company Limited, Ilford, giving full 
particulars of age, education and past experience. 
All applications will be treated in confidence. 

W 2568 
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SCIENTIFIC GLASSBLOWER for Vacuum 
Physics Laboratories, experienced in high vacuum 
work and knowledge of glass and metal seals an 
advantage but not essential. Interesting work in 
ideal conditions and surroundings. Permanent 
staff position. Apply, stating salary expected and 
giving full details of training, qualifications and 
experience, to Personnel Officer, Ferranti Ltd., 
Ferry Road, Edinburgh. W 2494 


APPLICATION ENGINEER required for High 
Frequency Heating. Experience of induction 
heating application essential, and a Degree or 
experience in Metallurgy preferable. This is a 
responsible senior position offering good conditions 


of employment in a department developing 
schemes into production processes. Write, giving 
full details, mentioning Ref. HAG, to Box 


No. W 2582. 


A COMPANY of international repute have a 
vacancy for a Communications Specialist with 
experience in the planning of H.F. and V.H.F. 
radio networks in either the Civil or Aeronautical 
spheres. The post is primarily a sales one, but 
some technical experience is essential. The 
applicant should have access to Government and 
similar authorities likely to be interested in such 
equipment in both this country and overseas. This 
is a senior post with a commensurate salary. Write, 
in confidence, full details of experience, age and 
salary required. Our staff have been informed of 
this vacancy. Box No. W 2578. 


SALES MANAGER required to act as controller 
of overseas agencies for large Light Engineering 
Company with offices situated in the London 
Area. Applicants should have basic training in 
Engineering and some Electronic experience would 
be an advantage. Knowledge of overseas markets 
and experience of export sales is essential. Appli- 
cants should give the fullest details of past 
experience, with age and salary required, to Box 
No. W 2579. 


E.M.I. INSTITUTES. Principal : Professor 
i. *, Trewman, M.A.(Cantab.), M.I.E.E., 
M.I.Mech.E., M.Brit.I.R.E. Applications are 


invited for two full-time posts as Lecturers in 
Electrical, Electronic and Telecommunications 
Engineering, to students on two, three and four- 
year courses. For one post applicants should have 
a good Degree in Electrical Engineering, with 
Telecommunications. For the other post, a 
graduate Telecommunications Engineer is required, 
preferably with Post Office experience. Applicants 
for both posts should be under 30 years of age, and 
are required to possess industrial and good instruc- 
tional experience. The commencing salary 
depends on experience and will be in the range of 
£450-£600 per annum. Applications, stating age, 
qualifications, and experience, with the names and 
addresses of three persons to whom reference may 
be made should be sent, within fourteen days after 
the appearance of this advertisement to The 
Principal, E.M.I. Institutes Ltd., 10, Pembridge 
Square, London, W.2. W 2567 


McMICHAEL RADIO LTD. require Senior 
Project Engineers in their Equipment Development 
Laboratory at Slough. Training and experience in 
the field of Applied Electronics (including Com- 
munications) and experience of working with 
Government departments, are the chief qualifica- 
tions required. Salary will be commensurate with 
ability. Write, stating age and full details of 
training, qualifications and experience, to the Chief 
Engineer, Equipment Division, McMichael Radio 
Ltd., Slough, Bucks. W 2563 


ENGINEERS required for Electrical Design of 
Radar Apparatus and also for laboratory work in 
connexion with Radio and Television. Applicants 
must have sound basic training, preferably a 
Degree in Physics and some experience in industrial 
design laboratories. Write, stating age, experience 
and salary required, to Personnel Dept., Murphy 
Radio Ltd., Welwyn Garden City, Herts. 

W 2564 


JUNIOR ENGINEERING and_ Laboratory 
Assistants, with knowledge of radar or radio, 
wanted for interesting work in Luton. Graduates 
or ex-Radar or Radio Mechanics should write, 
giving full details, mentioning Ref. HAE, to Box 
No. W 2565. 





CLASSIFIED ANNOUNCEMENTS 
continued on Page 4 
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CLASSIFIED ANNOUNCEMENTS (Cont’d.) 





BELLING & LEE LTD., Cambridge Arterial 
Road, Enfield, Middlesex, have a vacancy for an 
Assistant for Television Aerial Research. Appli 
cants must hold Grad. I.E.E. or equivalent 
qualifications, and should preferably have had 
previous experience of V.H.F. aerial problems. 
Apply, in writing, giving age, qualifications and 
full details of experience and salary required. 

W 119 


SERVO ENGINEERS for experimental work are 
required by a prominent Aircraft concern. Appli 
cants preferably under 35 years of age must be 
educated technically to Degree standard, and have 
experience in the design of one or more of the 
following : Hydraulic systems, servo amplifiers, 
small electrical mechanisms. Apply, stating age, 
experience and salary required, to Box No. W 2562. 


SKILLED EXHAUST-ROOM _ Glassblower 
required, experienced in maintenance of High 
Vacuum Production Plant. Knowledge of vacuum 
gauges, etc. Write full particulars to Newton 
Victor Ltd., 68, Ballards Lane, Finchley, N.3. 
2559 





ELECTRONIC MAINTENANCE _ Engineer 
required. Must have practical experience of the 
maintenance of High Frequency Heating Equip 
ment. Pensionable staff appointment. Applicants 
should write with full details of experience, training, 


age and salary required, to Personnel Officer, 
Harris Lebus Ltd., Finsbury Works, Ferry Lane, 
Tottenham, N.17. W 2561 


QUALIFIED ENGINEER or Physicist required 
with experience in design of electronic instruments. 
Salary, £550, or more according to age and 
experience. Reply, with full particulars, to P.D. 
Research Division, A. C. Cossor Ltd., 22, Highbury 
Grove, N.5. W 2572 


SPERRY GYROSCOPE CO. LTD., Great West 
Road, Brentford, Middlesex, require Mechanical 
Engineer. Good academic qualifications and 
recognised apprenticeship desirable. Preferably 
experienced in one or more of the following : 
Precision mechanical design, hydraulics or pneu 
matic servo systems, servo theory, aerodynamics. 
Apply, with full details of experience and salary 
required, to the Personnel Manager. W 120 


REQUIRED at once, by the Plessey Company. 
Ilford, young Engineers of British birth with several 
years’ experience of radio communications, radar, 
or electronic development work. Applicants should 
preferably have a Degree in Physics or Engineering, 
but this qualificaticn is not essential. The posts 
involve work on interesting long-term development 
projects and are permanent and_ pensionable. 
Please state full particulars with age and salary 
required, to Personnel Manager. 2587 


PHYSICIST or Physical Chemist required for the 
development of Dielectric Materials of the ceramic 








type. Previous experience of measuring techniques 
for high permutivity materials an advantage. The 
laboratory is in Northamptonshire. State 
qualifications and experience to Box No. W 2586. 
RADAR, Radio and/or Electronics Senior 
Development Engineer wanted for work on 
important defence project in special English 


Electric Company Laboratory. Salary, £600-£900 
per annum, according to experience. Write, giving 
details of qualifications and previous experience, 
mentioning Ref. 456A, to Central Personnel 


Services, English Electric Co. Ltd., 24-30, Gilling- 
ham Street t, London, S.W.1. 2589 
SPERRY GYROSCOPE CO LTD., Great 


West Road, Brentford, Middlesex x, require Electro- 
Mechanical Engineer. Good academic qualifica- 
tions and recognised apprenticeship desirable. 
Experience in electrical and electro-mechanical 
methods of computation, servo theory and instru- 
ment design preferred. Apply, with full details of 
experience and Salary required, to the Personnel 
Manager. WV 121 


E.M.I. ENGINEERING Development Ltd., 
offer outstanding opportunities for experience in 
interesting development in many branches of 
Electronic Engineering, including radar, radio 
communication, television receivers, audio- 
freqnency engineering and magnetic recording. 
Applications will be welcomed from men with 
Engineering or Physics Degrees or the equivalent, 
with design experience. Salarie Ss according to age 
and experience. Applica ants should write, giving 
full details, to Personnel Department, ED/21, 
E.M.I. Engineering Development Ltd., Blyth 
Road, Hayes, Middlesex. W 2573 


Electronic Engineering 


Great 
require 


SPERRY GYROSCOPE CO., LTD., 
West Road, Brentford, Middlesex, 

Electronic Engineer. Good academic qualifica 
tions and recognised apprenticeship desirable. 
Required for development work on control system. 
Experience of D.C. amplifiers and computing 
devices an advantage. Apply, with full details of 
experience and salary required, to the Personnel 
Manager. W 122 
DEVELOPMENT ENGINEER required for 


work on a wide range of electronic equipment. 


Applicants must have Degree in _ Electrical 
Engineering (Communications) or Physics, and 
preferably some industrial experience. Write, 


stating qualifications and experience, to Southern 


Instruments Ltd., Fernhill, Hawley, Camberley, 
Surrey. W 1208 
E. K. COLE LTD., have vacancies in their 


Electronics Division at Malmesbury, Wilts, for 
Senior and Intermediate Draughtsmen in the 
Development Drawing Office, for work on Radar, 
Communications, and Electronic projects. Pre- 
vious experience in this field desirable but not 
essential. Apply, in writing, to the Personnel 
Manager, Ekco Works, Malmesbury, Wilts. 
W 2577 
TESTERS for Pre-production A&’sembly. Must 
be experienced in Electronic and Radar equip- 
ments and be able to work on own initiative with 
minimum supervision. Apply, giving full details, 
to the Personnel Manages, E. K. Cole Ltd. 
(Development Department), Malmesbury, W sant 
W2 


TEST ENGINEERS required for design aa 
manufacture of apparatus for production testing 
of Radar, Communications, and_ Electronic 
Equipment. Salary according to qualifications and 
serience. Full details to the Personnel Mz anager, 
E. K. Cole Ltd., Malmesbury, Wilts. 2575 


ENGINEERING EXECUTIVE to take charge of 
all engineering activities of wire broadcasting 
undertaking in the Far East. Work includes 
planning installations and maintenance of studios, 
communication networks and equipment, together 
with general engineering administration. Appli 
cants should not be over 35 years old, must be 
qualified Electrical Engineers and have held 
responsible positions in the communications 
industry. Up to nine months’ training in this 
country will be given to suitable applicants who 
have not had previous experience of wire broad- 





casting. Basic salary on appointment overseas 
approximately £1,250 per annum. In addition, 
overseas allowances will be payable where 
applicable. Box No. W 2574 

APPLICATIONS are invited from Electronic 
Development Engineers for positions, with an 


expanding organisation near Kingston, engaged on 
interesting new projects involving radio and radar 
techniques. Candidates should have good technical 
knowledge and experience of these techniques, 
together with some experience in engineering 
equipment to the prototype stage. Candidates 
should preferably possess an Electrical Engineering 
Degree or a Diploma or be Corporate Members of a 
Professional Institution. Salaries offered will be 
commensurate with qualifications and experience 
and the positions will be progressive for applicants 
with initiative. Working conditions are ideal in 
pleasant surroundings, and a first-class canteen is 
on the premises. Write, stating age, nationality, 
qualifications, experience and salary required, to 
Box No. W 2590. 

A LEADING Firm of Mobile Radio Equipment 
Producers requires resident Technical Repre 
sentative for liaison duties with Automobile 
Manufacturers in Birmingham and Coventry areas. 
Applicants, between 25 and 35 and possessing 
sound Radio Engineering training, should apply, 
in writing, giving age, qualifications, details of 
experience and salary required, to Box No. W 2604. 


PHYSICIST or Physical Chemist required to 
build up and operate a small production unit for 
the manufacture of a new type of electrolytic con- 
denser. Previous experience of _ electrolytic 
condenser manufacture and testing would be an 
advantage. The laboratory is located in North- 
amptonshire. State full details, including age and 
salary required, to Box No. W 2588. 


ELECTRONIC Development Engineers. Senior 
and Junior Electronic Engineers required for 
design and development work on interesting new 
projects. Degree or Higher National Certificate 
essential. Good salary and excellent prospects. 
Pension Scheme. State age, qualifications and 
experience to Personnel Manager, Fairey Aviation, 
Company, Ltd., Hayes, Middlesex. W 2610 
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DEVELOPMENT ENGINEER (Electronics) 
required by old-established Company to be 
responsible for the design and development of 
specialised radar and_ electronic instruments. 
Applicant should have good circuitry experience in 
time-base, pulse and C.R.T. techniques. Preferably 
conversant with Service design requirements. 


st ibe, experience and salary expected. Box 
No. 2591. 

NELSON RESEARCH Laboratories, English 
Electric Co., Ltd., Stafford, have vacancies for mea 


with Higher National Certificate (Electrical) for 
design and development work on small transformers 
and other allied iron core devices. Work will 
include the study of behaviour of transformers, etc., 
under transient and steady A.C. conditions. 
Experience in this field desirable but not essential. 
Salary according to qualifications. Apply, stating 


age, qualifications and experience, mentioning 
Ref. 823, to Central Personnel Services, English 
Electric Co., Ltd., 24-30, Gillingham Stree 





London, S.W.1 


NELSON RESEARCH Laboratories, English 
Electric Co., Stafford, have vacancies in their 
laboratories for men interested in experimental and 
theoretical work on small transformers and other 
allied iron core devices. This work will include the 
study of the behaviour of transformers, etc., under 
transient and steady A.C. conditions. Preference 
given to men with good Honours Degree in Physics 
or Engineering, interested in experimental work. 
2xperience in this field desirable but not essential. 
Salary according to qualifications. Apply, stating 
age, qualifications and experience, quoting 
Ref. 821, to Central Personnel Services, English 
Electric Co., Ltd., 24-30, Gillingham Street, 
London, $.W.1. W 2593 


MANAGER required by large Manufacturing 
Company, to take charge of self-contained unit 
engaged on design and production of specialised 
electronic and telecommunication equipment. 
Applicants should have experience eovering all 
phases of small quantity production of this type. 
Men of suitable experience with initiative and drive, 
aged 30 to 45 years, should apply, stating details 











of technical qualifications, experience, age and 
salary required, to Box No. W 2598. 
A VACANCY exists with a well-known Radio 


Engineering Firm near, London, for a Technical 
Writer. Duties will be to originate technical sales 
literature of all kinds, to deal with printers and 
typographers, and to liaise with design engineers 
within the Company. Experience gained would 
range over the Company’s many products and 
would be invaluable to a young engineer. Appli- 
cants should have a good general knowledge of 
telecommunications, be between 21 and 30 years 
of age, and have an ability for this special kind of 
writing. Apply, giving full details, mentioning 
Ref. BGH, to Box No. W 2599. 


THE GENERAL ELECTRIC CO., LTD., Radio 
and Television Works, Goventry, have vacancies 
for Senior to Junior De velopme nt Engineers for 
broadcast radio receivers, television receivers, H.F 
and V.H.F. communication transmitters/receivers. 
Applicants, who should preferably be Graduates of 
a University and experienced in one or more of the 
above fields, should write, stating age, experience 
and salary required, to The Personnel Manager. 

W 2596 


THE GENERAL ELECTRIC CO., LTD., Radio 
and Television Works, Coventry, have vacancies 
for Senior to Junior Mechanical Designers, Design 
and Details Draughtsmen accustomed to the 
design and,layout of electronic apparatys. Appli- 
cants should state fully their experience, age and 
bor required, to the Personnel Manager. 

W 2597 
DRAUGHTSMEN between 25 and 30 years of 
age are urgently required for work on the develop- 
ment of miniature airborne radio equipment. 
perience in design of microwave radio and/or 
adar equipment and components to Service 
specifications would be an advantage though not 
essential. Attractive starting salaries will be 
paid and there will be excellent prospects of 
advancement in an expanding organisation. 
Replies should be sent to the Personnel Officer 
(Ref. GBLC/128), Research Laboratories, of The 
General Electric Co., Ltd., East Lane, North 
Wembley, Middlesex, and should give full details 
of experience, qualifications, and age. W 2605 
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CLASSIFIED ANNOUNCEMENTS (Cont'd) 


WORKS CHEMIST required for control of 
mechanical processes relating to radio valve 
manufacture. Only applicants who are live, keen 
and versatile will be considered. Write, in 
confidence, giving qualifications, experience and 
salary required, to the Personnel Officer, Brimar 
Valve Works, Footscray, Sidcup, Kent. W 2603 


MECHANIC REQUIRED for the 


and servicing of industrial electronic apparatus 
maintenance of electro mechanical transducers, 
etc. West London area. Forward details of 
education, experience and salary required, to 


Box A.E., 152, Central News Ltd., 
London, E.C.2. 

X-RAY TUBE and Valve, 
Attendant required for shift work. 
Victor Ltd., 68, Ballards Lane, Finchley, N.3. 


W 2560 


FOR SALE 


AMERICAN MAGAZINES. 

free. ‘‘ Radio Electronics,” 32s. 
Engineering,” 28s. gd. ; 
News,” 36s. ; “ Popular Science,” 28s. 6d. 





One year 
3d. ; 


for full list from Willen Ltd. (Dept. 9), ror, Fleet 
08 


Street, London, E.C.4. 


GLASS-TO-METAL SEALS and High Reena 
Drysdale & Co. Ltd., of 58, Commerce 
*Phone : 

W117 
14H to 2H at 
Bel 
Sound Products Co., Marlborough Yard, Archway, 
N 112 


by Hall, 
Road, Wood Green, 
BOWes Park 7221. 
COILS. Special 
RF, singly or quantity, 


London, N.22. 


inductances 
wound to order. 
N.1g9. Archway 507 


ELECTRONICS. Write 
specialises in electronic 


to 
equipment for 


cells, electron multipliers, special C.R.T. 


components. A. McMillan, 
Bristol, 8 


Qa 


55 


rr 


Partridge Hews 





precision 
TRANSFORMERS 


«TO SPECIFICATION” or 
STANDARD, if the problem is Trans- 
formers Chokes, none are more 
experienced to find the solution than 
Partridge. Nearly two decades of specialised 
research and production have prompted 
leading industrial concerns and Govern- 
ment Experimental Stations consistently to 
use the unequalled Partridge service. Your 
need, too, can be adequately met for 
transformers ranging from 5 VA to 50 kVA 
—power or A.F. Send for catalogue 
and data sheets. 


or 


* Note: All Partridge components 
are now available 
HERMETICALLY SEALED IN OIL 


PARTRIDGE 


TRANSFORMERS LTD 


ROEBUCK ROAD, KINGSTON - BY - PASS 
TOLWORTH SURREY 


Telephone ELMbridge 6737-8 











construction 


17, Moorgate, 
W 2607 


High Vacuum Exhaust 
Apply, Newton 


pos 
* Audio 
“ Radio and —— 
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SURPLUS VALVES. New boxed single and 
fully guaranteed. Carriage paid over {1. Order 
now with confidence. 6V6g, 5Z4, 6K7M, 6K7G, 
6J7M, 1C5, 6AC7, 6N7, KT44, 6X5, 5s. each. 
607GT, 6Q7G, EF39, 5s. 9d. each. 6B8, 6J5, 
VUi11, LL4, 128SG7, 12AH7, 12SH7, SP13, 2X2, 


6SG7, 12SK7, 4s. 6d. each. Lists with orders 
only. Alpha Radio Supply Co., 5/6, Vinces 
Chambers, Victoria Square, Leeds, 1. W 1193 


MAGSLIP TRANSMITTERS, 3 in., Mk. 2 and 


Mk. 4, 21s. 6d. magslip hunters, 2 in., Mk. 1, 
gs. 6d. S. AE., details. K. Logan, Westalley, 
Hitchin, Herts. W 116 


WEBB'S 1948 Radio Map of World, new multi- 
colour printing with up-to-date call signs and fresh 
information ; on heavy art paper, 4s. 6d., post 6d. 
On linen on rollers, 11s. 6d., post 9d. W 102 
MAGNETIC RECORDING. Stainless Steel 
Wire, .0036 in. diam. 8 oz. Spools, 14,000 ft., 
playing time two hours, 15s; 12 cz. spools. 20s. 
post free. H. Wilson, 17, Berwood Farm Road, 
Sutton Coldfield. W 1194 


MERCURY SWITCHES are made by Hall 
Drysdale & Co. Ltd., of 58, Commerce Road, 
Wood Green, London, N. 22. Phone BOWes 
Park 7221-2. 107 


LABORATORY EQUIPMENT. Inquiries are 
invited for various precision electronic measuring 
instruments and a quantity of electrical test 
equipment. Details and prices on application to 
Truvox Engineering Co., Ltd., 130, Mount Street, 
W.1. W 2585 
SELENIUM PHOTO-ELECTRIC Cells. 45 mm. 
dia., 10s. ; 40 mm. by 22 mm., 7s. 6d. All standard 
sizes in stock. S.A.E. for details. G. R. Products, 
22, Runnymead Avenue, Bristol, 4. W 1206 


the firm which 
your | 
requirements in relays, valves, thyratrons, photo- 
image | 
converters, selsyns, velodynes, etc., as well as all 
Oakfield Road, 
W 2519 


‘“Radiospares” 
Quality Parts 


The 
Service Engineer's 
First Choice 


* 


SERVO CONTROL EQUIPMENT 








MAGSLIPS 
Resolvers, Transmitters, Hunters, 
Receivers, etc., 2” and 3” types. 


SELSYNS 


Power and Phase-Shifting types. 


INDUCTION MOTORS AND 
VELODYNES 
Send for list and technical details. 

Repair facilities for all types of British and 

American Magslips, Seleyas, test equipment, 
HOPTON RADIO, 

{, Hopton Parade, Streatham High Road, 
LONDON, S.W.I6. 
"phone: STReatham 6165 
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SERVICE 


GLASSBLOWING, rer and scientific, 

Hall Drysdale & Co. Ltd., of 58, Commerce Road 
Wood Green, London, N.22. Phone BOWes 
Park 7221-2. W 109 


ELECTRICAL Measuring Instruments of every 
make repaired and standardised. The Electrical 
Instrument Repair yg am Kilburn Lane, 
London, W.9. Tel.: Lad. 4 II51 


A SECOND-TO-NONE panna service, reliable, 
neat, return of post service; your television 
requirements promptly executed, EHT, LHT and 





heater transformers; stamp for quotations, 
R. E. F., 137A, Ashton Road, Oldham. W 1165 
SPEAKERS reconed and reconditioned. Wave- 
wound oscillator, aerial and I.F. coils rewound. 
Transformers, fields, armatures rewound, 
H. Davies, A.M.1.P.R.E., Radio and Transformer 
Services, Church Hill, Connah’s Quay, Chester. 

W 1185 

EDUCATIONAL 


CITY AND GUILDS, (Electrical,) etc., on ‘‘ No 
Pass—No Fee ” terms. Over 95 per cent successes. 
For full details of modern courses in all branches of 
Electrical Technology, send for our 112-page 
handbook—free and post free. B.I.E.T. (Dept. 
337C), 17, Stratford Place, London, W.1. - 
100 





BUSINESS OPPORTUNITIES 





VANCOUVER, B.C. 
shortly proceeding to Canadian Pacific Coast area, 


Electronic Engineer, 


seeks agencies for electronic apparatus and com- 


ponents, particularly of an industrial nature. 
Covering Western part of Canada and/or United 
States. Box No. W 2594. 








TRANSFORMERS 





QUALITY, PERFORMANCE 
AND RELIABILITY 


|A wide range available for every 


Radio and Television purpose. 


EP. 70 SHIELDED MAINS 36/- 
EP. 90 SEMI-SHIELDED MAINS 36/- 
EP. 76 STEP-DOWN MAINS 37/6 
EP. 87 AUTO MAINS ... .» 31/6 
DP. 61 HEAVY DUTY OUTPUT ... 45/- 


Full range sent on application. 


Special components supplied for 
Home Built Televisors 


OLIVER PELL CONTROL 








r, 1950 December, 1950 Electronic Engineering 
en 
\ \ 








ientific, b N \ 
2 BOWS \ - 
W 109 \ \ 
Sects — - 
We N \N 
we A new * \ 
HT a ~ \ 
W 1165 NX N 
A. sect N N 
4 rewound. N N 
ansformer . SS 
a | MINIATURE a Voltage 
ae N N 
soa - a Reference 
Pate \ \ 
, W 100 \ —- 
on \N N 
op : - 
a N N 


nes ne ee 
1 nature, VV VLU CK KK KK VK KK 


or United 





Designers of compact industrial equipments will welcome this new Mullard 
Miniature Voltage Reference Tube. Built on the small B7G base, it is characterised 
by high stability and robust construction. It should prove of great value where an 
extremely accurate and reliable performance, coupled with a maximum saving of 
space, is required. The larger version of this tube known as the 85Al built on a B8G 
loctal base is also freely available. 
rRS Working in a constant current circuit, these tubes provide a voltage source 

of extremely high constancy, and in the majority of applications may be used to replace 
a standard cell as a built-in source of voltage reference. They may likewise be used 
as a reference against which to compare or fix the level of almost any physical 








AN ' ales , : 
- quantity which is convertible into an e.m.f. 
Their use in this manner in position control 
— systems, temperature control devices, etc., will VALVE DATA 
hus be apparent. 
’ on ay Nominal Operating 
36/- Voltage 85V 


36/- 
37/6 iceie-aenseweee M I] Max. Starting Voltage i25V 
31/6 96 cama U a , Current Range 1-8mA 
45) - [Mullard| Operating Current 4:5mA 
Internal Resistance at 
\H THERMIONIC VALVES 


4:5mA 290 ohms 


tion. 

e 
d for *eecccccccssoesee AND ELECTRON TUBES 
INDUSTRIAL POWER VALVES : THYRATRONS - INDUSTRIAL RECTIFIERS - PHOTOCELLS 


FLASH TUBES - ACCELEROMETERS - CATHODE RAY TUBES - STABILISERS AND 
REFERENCE LEVEL TUBES - COLD CATHODE TUBES - ELECTROMETERS, ETC. 

















MULLARD ELECTRONIC PRODUCTS LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2 
MVT84REV 
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THE COSSOR DOUBLE BEAM OSCILLOGRAPHS 


Here are some details of 


Model 1049 as illustrated: 


The Double Beam Tube presents 
two simultaneous independent 
traces over the full diameter of a 
90 mm. screen, and provision is 
made for the measurement of 
both input voltage and time upon 
the calibrated dials of the instru- 
ment. The specification also 
includes facilities for Time Mark- 
ing. The Oscillograph is particu- 
larly suited for the investigation 
of very low frequency phenomena 
and high-speed transients where 
writing speeds of 45 Km/sec. are 
attainable, using the Cossor 
Model 1428 Camera for which a 
Motor Drive Attachment Model 
1429 is available. 





Can this 
Instrument 
solve a 
problem 


for you ? 


Widely different industries are daily finding new uses for 
the COSSOR Double Beam Oscillograph. Sometimes it 
provides the answer to an industrial problem of long 
standing. The tracing and measurement of noise, strain 
and vibration are typical everyday applications of this 
versatile instrument which is already helping engineers in 
industries as far apart as brewing and the manufacture of 
jet engines. Call on our technical advisory staff if you have 


a problem. They will quickly let you know whether the 


Oscillograph can help you. 


COSSOR 


Please address enquiries to: 


Double Beam OSCILLOGRAPHS 


A. C. COSSOR LTD., INSTRUMENT DIVISION (Dept.B ), HIGHBURY GROVE, LONDON, N.5. 


Telephone: CANonbury 1234 (30 lines) Ci.2) 
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Condenser leadership 
-Srom the nside/ 


1. All-aluminium non-corrosive internal construction 
2. Pure aluminium foil & paper winding 


3. Viscous electrolyte giving long life over 


wide temperature range 


4. Full hermetic rubber sealing to 


tube and rivet 


Mr. Quest 


5. Hot tinned tags for safe 
and easy soldering 
6. Separate negative tag: 
no “ open-circuits ’”’ due 
to chafed foil in case Mr. Test 
spinning. 


The T.C.C. ‘‘Micropack’’ ranges of dry electrolytic 
condensers are fully tropical and compact. The exceptionally 
wide temperature performance permits of use at extremely 
low temperatures. Plastic protective sleeving can be fitted 
to insulate condensers from surrounding metal parts. 


Range: 6 to 500v, D.C. working. Capacity: | to 100 uF. 


“MICROPACK” ELECTROLYTIC CONDENSERS 


THE TELEGRAPH CONDENSER CO. LTD - RADIO DIVISION - LONDON - W.3 = Tel: ACORN 006! (9 lines) 


B 
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cammooe may rues = COMMERCIALISES 


nal LAB. PROCESSES 


eons ame YESTERDAY’S LABORATORY DISCOVERIES 
are daily being made into profitable commercial projects by 
KINNEY High Vacuum Pumps. Already earning big 
profits for user in scores of processes—including exhausting 
as mous lamps and valves, dehydrating foods and other substances, making 
drugs, brazing in vacua, vapourising and depositing metals 
and other materials, on lenses, plastics, and so on, 
impregnating electrical components and “‘ improved ’’ woods— 
SINTERED = METAL they will do so for you too if vacuum technique can be 


applied. It will pay you to write for the Kinney Pump 
Bulletin. 
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Compound pumps absolute pressures 

of 0.§ microns, single-stage pumps 

absolute pressures of 10 microns, are 

the astonishing figures produced by 

these pues, unaided by diffusion 

jumps. ith or without the 

atter, Kinney Pump’s rapid pump- 
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An entirely new development... 


TROVICK U 





This latest Metrovick product in the field of electronics gives the 
Electronic and Radio Engineer all he needs in a multi-range 
instrument for the measurement of current, resistance and voltage. 
In addition, provision for R.F. Voltages is made by the inclusion of 
a probe which employs a diode valve for rectification. All sections 
give indication on the same moving coil instrument, and a multiplier 
switch enables all the A.C. and D.C. 

ranges, except the 1000 volt scales to be 

trebled if required. 

‘Though so compact, the instrument is 

robust enough to be used constantly 

under average conditions. It weighs only 

17 lb., and is contain- 

ed in an attractive cwmremmesumses 

steel case in cream or {# meee 

blue hard stoved 

enamel, fitted with 

leather carrying§ 


handle.. 


Send for further details 
contained in leaflet 652{ 2-1 


METROPOLITAN-VICKERS ELECTRICAL CO. LTD. 
TRAFFORD PARK, MANCHESTER 17 


Member of the A.E.1. group of companies 
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Type 3794 


An instrument designed to meet 
television and radar test and research 
requirements with comprehensive 
facilities for the intimate study and 
precise measurement of complex 
waveforms. 


TYPE 3794 OFFERS : 


@ Direct measurement of A.C., D.C. 
or mixed voltages from 0.05 to 500. 


e Direct time measurement from 0.1 
ps. to 50 ms., with an effective hori- 
zontal trace length variable to 50 cms. 


e A wideband vertical axis amplifier 
giving a time of rise of 0.08 us. 
without overshoot on steep wave fronts. 


@ Dual input facilities with signal 


For further details apply to 


E.M.1. FACTORIES LTD. 
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ESU. 200. 


Hot cathode 
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half wave mercury 
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vapour rectifier 























RATINGS 
Filament Voltage (volts) V+ 4.0 
Filament Current (amps.) |; 11.0 
Maximum Peak Inverse 
Anode Voltage (volts) _-P.I.V. (max.) 12,000 
Maximum Peak Anode 
; Current (amps.) Ta(pk) max. 4 
Maximum Average Anode 
; Current (amps.) Ts av 1.25 
Ambient Temperature 
Range 20°—-60° C. 
Cathode Heating Delay . 60 
Time (secs.) t 
: 
DIMENSIONS 
Maximum Overall Length (mm) 248 
, Maximum Diameter (mm) 57 
§ 


BASING 


Base G.E.S. Filament 
Top Cap Anode 
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SPECIAL PURPOSE 


} VALVES 
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THE EDISON|[SWAN ELECTRIC CO., LTD., 155 CHARING CROSS ROAD, LONDON, W.C.2. 
Member of the A.E.I. Group of Companies EVI5 
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This valveholder is designed specifically for use with 
valves having a B8A base. It accepts all glass and metal 
base versions with or without spigot, and has silver 













: plated phosphor bronze contacts (pen nib type, floating) ; 
B8A Laminated spring retaining circlip over shroud; low contact 
L.620 resistance. 


Contacts provide low shunt capacitance and handle peak 
to peak volts 1,500 V, between each contact or between 
any contact and the spigot/shell connected together. . 





Suitable for television and other H.T. apparatus. 
Moulded in bakelite with adequate insulation provided, 


High tension together with means for attaching a standard “‘cabtyre ” 
Plug & So connecting lead up to 9mm. 
8 cket The chassis section is one-hole fixing with anti-twist 
L.623/ S Flex Socket dowel, suitably nutted; “O.Z.” construction pin. 
Supplied with solder tag and eared washer for alternative 
L.623/P Panel Plug methods of connection. Peak working 7,000 volts. 


A retainer for the flex part will be available shortly. 


BELLING ¢ LEE LID === 


CAMBRIDGE ARTERIAL RD., ENFIELD, MIDDX,, ENGLAND 
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HIGH VOLTAGE SUPPLIES & INSTRUMENTATION 


IONISATION 
TEST SET 


Type 105 PMIB 









HIS equipment has_ been 

designed to meet the demand 
for ahigh voltage ionisation tester 
giving quantitative readings of 
ionisation. The output is 
smoothly variable, ionisation 
readings appearing on a 6 in. scale 
meter. 



























A clock for timing life tests is 
included together with facilities 
for measuring leakage current. 


The size of the equipment is 
203 in. by I04in. by 22 in. high. 

It is for operation from A.C. 
mains. 





500 to 12000 Volts 


Continuously variable 


HAtLEMURST DENS ETA uty Power Unit. 
LONDON ENGLAND a 


rr ore an vet 1 Type 103 PMA. 


This is a wide range equipment 
giving a maximum current of 
| mA complete with a volt- 
meter. It is suitable for factory 
or laboratory use. Size 20} in. 
by 104 in. by 10} in. high. For 
operation from A.C. mains. 








Full details from 


HAZLEHURST DESIGNS LIMITED 


4a POTTERY LANE, HOLLAND PARK, LONDON, W.II. 
Telephones: PARK 6955/5237. 
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FOR HIGH-FREQUENCY INSULATION— 





specify 


‘FRE 






—— 


The Inductance shown is supported by our “ FREQUELEX ” 
Ceramic Rods and forms part of a 100 k.w. Radio 
Transmitter. 
This is only one of many applications where Rods made 
to close limits are required. 
We specialise in the manufacture of Ceramic Rods and 
Tubes of various sections in several classes of materials 
over wide dimensional ranges. 
The Principal Materials Are:— 

1. Porcelain for general insulation. 

2. Frequelex for High Frequency Insulation. 

3. Permalex and Templex for Capacitors. 


/ 
4 
ep 
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QUELEX’ 





Photograph by permission of 
Marconi’s Wireless Telegroph Co. Ltd. 








The degree of accuracy depends on the size of the Rod 
or Tube, but the standard degree of accuracy is outlined 
in the Inter-Service Component Manufacturer’s Council 
— Panel R Specification embodied in our Catalogue ‘of 
Radio Frequency Ceramics, copy of which will be sent 
on request. 

Large Rods up to 44” long and 1}” square are used as 
supports for Tuning Coils, etc. 

We shall be pleased to have your enquiries for all sizes of 
Tubes and Rods. Prompt deliveries can be given for most sizes. 


Ballers cow vos cenamies 


BULLERS LIMITED, 6 Laurence Pountney Hill, E.C.4. Phone: MANsion House 9971 (3 lines). Grams: ‘ Bullers, Cannon, London’ 
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With the wider applications of 
VHF, pulse and _ television 
techniques, small values of 
inductance are becoming in- 
creasingly important, as is also 


the need to measure them. 


will measure inductance in the 
range 0.1 microhenries full 
scale to 30 millihenries full 
scale to an accuracy of + 1°. 
Self or mutual inductance 
can be measured.  Resist- 
ance in the range 0.01 ohm 
to 3000 ohms is_ also 
measurable to the same 
accuracy. 


zeke 


Shes AND SELF INDUCTANCE BRinGe 
« ree “po ose : 


For full technical details 
please write for leaflet 
No. LB1/1. 


CINEMA - TELEVISION LIMITED 


A Company within the |. Arthur Rank Organisation 
FOREMOST IN THE MANUFACTURE OF 


@ Counters & Chronometer; @ Metal Detectors @ Oscilloscopes @ Photo-Electric 
Cells @ Cathode Ray Tubes e@ Geiger-Muller Tubes © Electronic Instruments 


WORSLEY BRIDGE ROAD: LONDON: S:°E°-26 
Telephone: HiTher Green 4600 
















Northern Agents: Scottish Agents: 


F.C. ROBINSON & PARTNERS LTD. ATKINS, ROBERTSON & WHITEFORD LTD 
287 Deansgate, Manchester 3 100 Torrisdale Street, Glasgow, S.2 
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Valves for Research 


and Development 


More than twenty years of intensive research work lie behind 
the BTH valves now in production. Reliability in use is ensured 
by careful testing of materials and highly-skilled assembly. A 
very wide range is available, especially for radar and industrial 
applications. 


« BRITISH THOMSON-HOUSTON 


KL GBY ENGLAND 
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| HIGH VACUUM TECHNOLOGY 
, for Electrical & Electronic Industries 









We are specialists in the design and manu- 
facture of vacuum pumps, gauges, standard 
and special plant for every industrial and 
research application in the electronic field. 





We in London, and our Agents overseas will 
», be glad to advise on any vacuum problem 
\ from any part of the world. 






% For CANADIAN USERS 
of HIGH VACUUM EQUIPMENT 


Technical service and stocks now available. 
Our Canadian Organisation :— 


Scientific Exports (Great Britain), Ltd., Canadian Division, 
Odeon Building, 20, Carlton Street, Toronto, 2. 


. For Better Vacuum Service .. . 


W. EDWARDS & CO. (LONDON) LTD. LOWER SYDENHAM, LONDON, S.E.26 


Telephone: SYDenham 7026 (8 lines) Telegrams : EDCOHIVAC, Souphone, London 
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A GREAT NAME 


is a link between nations 


On August 27th, the first nation-to-nation outside broadcast was televised 
from Calais to Britain by the B.B.C. using Marconi Image Orthicon 
Television Cameras. This pioneer oversea transmission recalls the 1901 
Marconi achievement of trans-Atlantic radio communication. 

In providing much of the equipment which made possible this historic 
event, the Marconi Company increases its lead in the development of 
tele-communications, a lead maintained since the days when Marconi 


was the only name in wireless. 


Marconi 


THE FIRST AND GREATEST NAME 
in Wireless 


MARCONI’S WIRELESS TELEGRAPH COMPANY LIMITED - MARCONI HOUSE - CHELMSFORD  .-_ ESSEX 
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Sir Frank Gill, K.C.M.G., O.B.E. 


Bes older generation of communication engineers 
in particular will have learned with sincere regret 
of the death at Geneva on October 25 of this year 
of Sir Frank Gill, K.C.M.G., 

By then, Sir Frank Gill was s regarded as one of 
the pioneers of telephony and his death severs one 
of the last remaining links with the early days. 

It is a matter of history now that the development 
of the valve revolutionized telephone communication 
and made possible long distance communication by 
means of the telephone repeater, the carrier current 
system and the radio link. 

The years immediately after the first world war 
saw a remarkable growth in communication schemes 
throughout the world, and from the comparatively 
few firms engaged in the development and manufac- 
ture of telephone equipment, grew the large radio, 
television, and electronic industry today. From 
these firms, too, came the engineers and scientists 
to engage in these new ventures, and many of the 
leading men of today received their early training 
in the old International Western Electric Company 
under Gill’s leadership during the important years 
from 1919 to 1928. 

A contemporary of Alexander Bell and Oliver 
Heaviside, Frank Gill was born in 1866 at Castle- 
town, Isle of Man, and at the early age of 16 joined 
the United Telephone Company. In 1902 he became 
engineer-in-chief of the old National Telephone Com- 
pany where he remained until the company was 
absorbed by the Post Office in 1912. 

From then onwards he became a _ consulting 
engineer carrying out telephone development work 





in the United States of America, South America and 
Europe. After a period with the Ministry of 
Munitions during the first world war, he joined the 
International Western Electric Company in 1919 as 
European Chief Engineer, where his remarkable plan- 
ning, administrative and organizing abilities had 
full play in stimulating the growth of long-distance 
telephony in the post-war years. 

In 1922 Sir Frank Gill was elected president of 
the Institution of Electrical Engineers and it was 
his presidential address of that year which led later 
to the formation of the International Consultative 
Committee on Long Distance Telephony (C.C.I.F.). 

This body is responsible for the establishment of 
European long-distance communication and it is 
symbolic that he should have died at Geneva while 
attending a meeting of the C.C.I.F. 

At the time of his death he was chairman of 
Standard Telephones & Cables, Limited, and a 
director and _ vice-president of the International 
Standard Electric Corporation. He was a member 
of numerous professional bodies, a member of the 
Institution of Civil Engineers, past president and an 
honorary member of the Institution of Electrical 
Engineers, fellow of’ the American Institute of Elec- 
trical Engineers, honorary member of the Institute 
of Royal Engineers, a member of the Royal Institu- 
tio, a member of the Société des Ingenieurs Civils 
de France, and‘the Société Francaise des Electri- 
ciens. 

In 1941 he was created K.C.M.G. for his services 
in the development of the telephone industry and 
of international telephony. 
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An Electronic Digital Computor 


By A. D. BOOTH, Ph.D. 


| be a previous paper’ the design and construction 
of a magnetic storage device—for use with the 
relay computor A.R.C.—was described. It was men- 
tioned, in the concluding paragraphs, that work was 
in progress to convert this storage to fully electronic 
operation and, by implication, to equip it with such 
auxiliary circuitry as to constitute a fully electronic 
calculating machine. 


All of the logical design, and much of the physical 
construction, of the new machine has now been com- 
pleted and it is proposed to detail, in several papers 
—of which this is the first—those circuits which may 
be of general interest. 


It will be remembered that the original storage 
device was of the parallel operation type, that is 
in which all the digits of a number are read or 
recorded simultaneously. In the first electronic 
machine this arrangement is not being maintained 
and the serial mode of operation, in which digits 
become available in sequence, has been adopted. 
This decision is one of expediency made in order to 
permit of the rapid construction of a fully electronic 
machine; it in no way marks a change in our con- 
viction of the superior qualities of the fully parallel 
arrangement. * 


Briefly speaking, the change to serial operation 
has made necessary the following alterations :— 


(1) Reorganization of the ‘‘memory”’ control to 
permit the emission of 21 equispaced pulses, 
starting at a given position on the drum. 


(2) Provision of a shifting register or staticizer unit 
to absorb and record those digits appearing 
opposite the above 21 “clock ’’ pulses, on the 
digit track. 


(3) Design of suitable circuits to permit the addition 
or subtraction of a number being emitted from 
the store into one already contained in the 
shifting register. 

These modifications and additions will be taken up 
in the following sections. 


The ‘‘ Memory ” 


In order to avoid, as far as possible, changing 
existing circuits the otherwise wasteful scheme was 
adopted of dividing the 256 available digit positions 
on any one track into 8 groups of 32 and then of 


using = the first 21 positions of each of these 
groups. hus, coincidence between the last three 
(most significant arithmetically) stages C6-C8 


(Fig. 1) of the counter and the contents of three 
flip-flop storage register elements R1-R3 has to be 





(Director, Birkbeck College Electronic Computor Project) 


sensed and a pulse emitted. The cycle of operations 
is as follows :— 


On receipt of a read/record pulse, the flip-flop F1 
goes into the excited state and thus opens a gate G1 
associated with its first anode (see Fig. 2). When 
next the start of the 21 pulse group required occurs, 
the coincidence senser between C6-C8 and R1-R3 
emits a pulse which can now pass G1 and set a second 
flip-flop F2. F2 now opens gates G2 and G8, G2 
transmits succeeding clock pulses to the machine 
until 21 have passed. When this occurs the 21 senser 
emits a pulse which passes through G3, resets F1 and 
F2 and passes, as an “ operation complete ”’ signal 
to the control of the machine. 


The coincidence senser for the C1-C5 = 21 pulse is 
simply a permanent wired-in version of the relay cir- 
cuit previously described and need not be discussed 
further. The device for comparing R1-R3 with C6-C8 
is quite different, however, as the relays, previously 
used to record R1-R8 are now replaced by purely 
electronic elements. 


To facilitate the drawing the following notation 
(Fig. 2) will be used. 


The element has two outputs, a and b, from its 
anodes and three inputs, c and e to the grids, and d 
to the cathode. Thus a negative pulse input to e 
sets the element into its standard (01) state, while 
a negative input at c results in transfer to the excited 
(10) condition. Positive pulses to c and e produce 
the reverse effect. So long as the 22 pF storage capa- 
































Fig. |. 
Schematic of 21 clock pulse generator 
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Fig. 2. 
Notation for flip-flop in standard state. 


citors are present either positive or negative pulse 
input to d will cause the element to count. In appli- 
cations where this function is not required these capa- 
citors can be omitted and this is indicated by the 
absence of lead d from the block diagram. This 
omission has the advantage of reducing the dead time 
of the element by eliminating the recharging time 
constant, ideally of course the capacitance should be so 
chosen as to neutralize exactly the grid input capa- 
— of the stage; this, however, is seldom worth 
while, 


The coincidence sensing device can now be des- 
cribed. One method is to sense anti-coincidence be- 
tween groups of storage elements and the mode of 
doing this shown in Fig. 3. 


In terms of the above argument, coincidence 
between the anode outputs (a,b) of the two flip-flops 
can be detected by sensing anti-coincidence between 
(a, and b:) and (a: and b:), and this, in turn, 
reduces to simple Kirchhoff addition of the anode volt- 
ages, which can be carried out using summing resis- 
tors R of such a value as not to cause mutual inter- 
ference between the "~~ stages of register and 
counter—220 k2 to 0.5 M® usually proving adequate. 
The sensing elements S1-S8 can be engineered in a 
number of ways, two of the simplest being shown in 
Fig. 4. 

In the first, the sum woltages are applied directly 
to the grids of a double triode. Considering a typical 
version of the element of Fig. 2. The anode voltages 


Fig. 3. 


Sch tic of ‘ . 


senser 








Electronic Engineering 

















B+ 
COUNTER of! of | 
STAGES 
Ra 
‘. OUTPUT 
FOR 
COINCIDE! 9 R,=0 
STAGES 3 
R TPUT FOR 
: $ Ra=O 
REGISTER i of | 
STAGES Vk 


EME SN 


7 








Y=6J6 
Vg=6J33 (a) (b) (¢) 
Fig. 4. 
Various forms of senser element 


are 200 V and 70 V. Thus the potentials at f and g 
(Fig. 4a) become 70 V, 200 V, and vice versa for non- 
coincidence; and 135 V, 135 V for coincidence. If 
now Rx is made zero and Vx = 150 V the sensing 
valve will have one side conducting for non- 
coincidence and both sides cut off for coincidence. 
Thus the potential at Ra can only rise appreciably 
when all of the senser stages are cut off, i.e., when 
coincidence between counter and register is attained. 
An alternative form of S is shown in Fig. 4(b). Here 
the necessity of a cathode supply is eliminated by 
adding a third resistor to the grid circuit taken to a 
suitable negative bias supply. The disadvantage of 
this procedure lies in the fact that the grid swing 
is less ‘than in the previous case, and consequently 
components must be chosen with greater care. Prob- 
ably the best version is obtained by making Ra = 0 
Vx =0. The circuit is then essentially a cathode 
follower. So. long as at least one unit of S is non- 
coincident the common cathode potential remains at 
about 200 volts; at coincidence, however a drop 
to 185 volts occurs. 

If sharp suppressor cut-off pentodes are available 
direct coincidence may be sensed by the circuit shown 
in Fig. 4(c). In this case a, a2, and bi, b: are added 
(and not a:, bz, b,, a2 as before), and if either of the 
combinations is 70 V the valve will be cut off. As 
before, an anode or cathode load can be used as the 
output element. 


The output from these circuits always needs a stage 
of clipping to remove the small variations which 
occur without coincidence. For the anode output 
versions a simple amplifier stage biased beyond cut- 
off is adequate, and for the cathode output type the 
circuit of Fig. 5 has proved satisfactory. 


One other change has been made in the counter cir- 
cuitry described in the previous paper, this concerns 
the buffer stages between individual counting units. 
The circuit now adopted is shown in Fig. 6 and will be 
seen to minimize the number of components required. 


Cathode triggering with negative pulses has proved 
to be exceedingly reliable and the 636 circuit given 
in Fig. 2 with the buffer of Fig. 6, will count reliably 
and easily at 1 Mc/s. 

The Digit Amplifier and Output Stage 

The basic digit amplifier circuit given previously 
has proved completely adequate for the new project. 
With identical circuit constants, but using 6aK5 
valves and 2 mH compensating inductances in the 
anode the upper frequency limit has been measured 
to be 1.5 Mc/s. at 3 db down, well above that 
actually required. In order to feed the shifting 
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register, a different form of output device from that 
previously adopted was required and this is shown in 
Fig. 7. 

Here, it is necessary to set the output flip-flop, F, 
from the part of the output waveform immediately 
preceding the gate pulse.’ As the amplifier output 
may be either positive or negative and has to be 
clipped free from noise a centre-tapped pulse trans- 
former, driven by a cathode follower, is used to pro- 
duce inverse pulses which then set the output flip-flop 
via triode trigger valves held below cut-off. This 
procedure is considerably simpler than any of the 
purely electronic (i.e., non-transformer) ones which 
were tried, since it does not require the D.c. restora- 
tion which was needed when the large amplifier out- 
put pulses drove subsequent valves into grid 
conduction. 


It should be noted that there is no actual gate in 
this circuit, the shifting register, fed by F, is in- 
sensitive to variation in the state of F unless receiv- 
ing a shift pulse, so that no distinct physical gate is 
necessary. 

The Shifting Register 

In a serial (or indeed a parallel) machine of the 
type envisaged it is evidently necessary to have a 
device into which arrays of digits, emerging from the 


storage, can be fed serially and which will then hold 
these digits for subsequent operations. Such a device 


B+ (300v) 
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Fig. 5. 
Cathode-coupled clipper for coincidence output 


Fig. 6. 
Typical counter buffer connexion 
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iy. 7. 
Digit output circuit 
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has been variously called a ‘‘ Shifting register ”’ (this 
project and most U.S.A. workers), ‘“‘ staticizer ”’ 
(Manchester group), ‘“‘ flashing unit ’’ (Cambridge 
group). There is a possible case for the use of the 
second of these terms, since it is not absolutely neces- 
sary to have a shifting register (vide infra) in order 
to get a number out of storage. This is shown in 
Fig. 8. 

Here, the digits appear serially from the store, 
starting at time t = 0 and with spacing t = A, the 
gates Gn are opened separately and in sequence 
from a master pulse source—usually a ring counter— 
and thus allow the correct digit pulse to set up its 
appropriate flip-flop F. In this type of register there 
is no shifting element involved and hence the name 
‘* staticizer ’’ is quite appropriate. 

The sense in which the term “‘ shifting register ”’ is 
used is rather more general, such a device is defined 
as being able to store a digit array statically and 
then, on receipt of a control pulse (or pulses), to be 
capable of shifting the whole array bodily one place 
to the left or right. It shguld be noted that this, 
unless the ends of the register are connected together, 
implies the loss of one digit per shift. Evidently such 
a device will also perform the simpler operation of 
staticizing, as it can absorb a sequential digit pattern 
incident upon its starting element. 


There are several distinct types of shifting register; 
some of these are shown in Fig. 9. 


In the first, or ‘‘ clear”? type register shown in 
Fig. 9(a), the flip-flop stores are cleared simul- 
taneously, any stage containing 1 emits a pulse 
which, after a delay Y to allow the flip-flops to recover, 
arrives at the next stage and sets it to 1. Satisfac- 
tory registers of this type can be made and, in 
general involve one diode and one delay line per stage 
(additional to the flip-flop), the main objection to 
their use lies in the delay lines required which are 
neither cheaply nor readily available. 

The second, or ‘‘ delay storage ’’, type register 
shown in Fig. 9(b), uses a gate system Gn, in which 
each gate is coupled to the preceding stage by a net- 
work whose time constant is long compared with the 
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Staticizer as distinct from shifting register 


duration of the shift pulse. Thus the gate itself 
‘“‘remembers ”’ the previous contents of the register 
during the shift; in general one or two diodes and a 
simple R-C combination are required per stage, 


Lastly there is the ‘‘ positive transfer ”’ register 
typified by Fig. 9(c); in this the contents of the 
register F are transferred bodily to a_ subsidiary 
register f, F is cleared and then the contents of f 
are transferred back into it, displaced by one stage, 
f then being cleared ready for the next operation. 


This type of register is the most costly in com- 
ponents, but its proponents claim increased reliability 
(very doubtful). It has, however, certain advantages 
in the execution of division, where the cancellation 
of a trial subtraction is sometimes needed. 


In addition to the above main type of shifting 
register various combinational possibilities can be 
envisaged and many of these have been explored by 


Fig. 9. 
Some types of shifting register 
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the various groups. In the present case experiments 
have been made on types (a) and (b) and as a result of 
these the type (b) circuit shown in Fig. 10 has been 
evolved. 

Here the 50 pF capacitors charge via the 33 k® 
resistors. The cathodes of the double diode V are thus 


| 2|--- JF] »}--— stanic STORE always at a higher potential than the anodes (con- 


nected to the grids of the following flip-flop stage). 
On receipt of a negative pulse, however, that cathode 
initially at the lowest potential has its voltage re- 
duced sufficiently for the associated diode to conduct, 
thus injecting a negative pulse on to the connected 
grid of the next flip-flop in the chain. It will be seen 
that this process causes the transfer of data from one 
stage to the next. 


Several registers of this type have now been built, 
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Delay storage gate 


using widely different types of valve (6sN7 or 636 for 
the flip-flops 6H6, 6aAL5 and 1N88 for the diodes) and 
all have worked reliably and without initial ‘‘ de- 
bugging.’’ Using 636 and 6aL5 valves the register 
shifts reliably at 1 Mc/s. and using 6SN7 and 6H6 
at 400 Mc/s. The negative shift pulses used are 
obtained from a blocking oscillator with resistive 
anode load and have a duration of 0.25-0.5 Hsec. 


If the register is required for use in a parallel opera- 
tion machine it has the desirable property that simul- 
taneous negative pulses applied to the cathodes of 
the flip-flops (d in Fig. 2) cause each stage to invert, 
and thus the register contains the digital comple- 
ment of the original number. Should this property 
not be required the 22 pF capacitors in the flip-flop 
stages can be omitted without ill effect on the be- 
haviour of the circuits. 


Experiments have also been made on type (c) 
registers using purely magnetic storage elements. 
Use is made of the new Telcon H.C.R. alloy to store 
data as remanent magnetism in toroids, the general 
scheme being shown in Fig. 11. 


If one of the A: toroids is magnetized by applying 
negative direct current to a suitable coil, the mag- 
netic state, after removal of the current, will be that 
shown at M. A further negative pulse applied to the 
coil will thus produce only a very small change in B 
and no appropriate output from the secondary wind- 
ing connected to Br. However, if the initial mag- 
netization had been positive, leaving the medium in 
state L, the negative clear pulse will produce a large 
change in B and thus lead to a considerable current 
in the secondary; this, after passing through the 
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Magnetic register of type (c) 


diode element sets the toroid B: into the same mag- 
netic state as that initially held by Ar. If now the 
B: clear coils are pulsed, a similar transfer from B: 
to Ar: takes place and the initial contents of A are 
shifted one stage. 


This type of storage device was described by the 
author several years ago under the title of the “‘ iron 
nail memory ”’—it was originally tried using ordinary 
1 in. nails. With these crude materials it was not 
possible to obtain shifts or more than two stages 
without excessive attenuation, but the new alloy 
makes possible registers of any reasonable length. 


A type (a) register has also been designed, on the 
same principle, and works quite reliably at 100 Ke/s.; 
it uses 2 cm. diameter toroids with 50 turn windings 
and 0.25 usec. shift pulses. Faster shift rates could 
almost certainly be attained but for the difficulty of 
obtaining the high current pulses required, and 
further work on this aspect of the problem is under 
way. 


Magnetic Gate Circuits 


In an attempt to find a gate circuit adequate for 
the isolation of the digit amplifier from the read- 
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record lead during pulsing, work has been carried out 
on various magnetic devices. Two of the most promis- 
ing are shown in Fig. 12. 


In Fig. 12(a) a standard 1:1 transformer is wound 
upon the centre leg of a mu-metal stack; polarizing 
windings, in opposite senses, are wound upon the two 
outer legs. In the absence of a polarizing field the 
transformer behaves normally. When the field is 
applied, however, the two outer legs are saturated 
and the coupling of the 1:1 transformer coils is much 
reduced. A reduction factor of 5:1 is readily attain- 
able, but without separating the windings this is 
about the best possible result. It should be noted 
that, because the polarizing windings are in opposite 
senses, the gating field through the centre limb is 
balanced out and no “ pedestal ”’ results. 


Fig. 12(b) shows another variant using two identi- 
cal transformers. Here, in the absence of a polarizing 
field, the outputs completely cancel one another; 
when the polarizing field—which just saturates the 
cores—is applied, however, one transformer responds 
only to positive pulses and the other to negative ones, 
so that an output is now obtained. Although great 
distortion occurs in this gate it may sometimes be 
useful, especially where noise about zero level is to be 
removed from double ended signals. The polarizing 
bias will generate a large output pulse, but this can 
be minimized in pulse applications, by giving it a 
much smaller rise time than that for which the trans- 
formers are designed. 


The Adder 


Before describing the particular adding circuit 
adopted for the present machine, it is perhaps worth- 
while detailing various possible forms which this unit 
can take. In basic principle a serial adder and a 
single stage of a parallel adder are equivalent, 
although, with delay line type machines’ the 
engineering details are apt to differ considerably from 
those here described (see for example’). 


The very simplest form of adder is derived from the 
staticizer circuit shown in Fig. 8. If, instead of dis- 
tinct storage flip-flops a binary counter is used and 
each non-zero digit of the incident number is gated as 
a negative pulse to the cathode of the appropriate 
register stage, time being allowed for carry propaga- 
tion down the counter chain, then the circuit will act 
as a completely satisfactory adder. Fig. 18 is a 
schematic representation of this circuit. 


An exactly similar circuit may be used as a parallel 
adder except that the input to the gates Ga.would 
then be from distinct stages of another register. This 
circuit has the virtue of extreme simplicity and its 


Fig.¥13. 
Staticizer used as adder 
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speed is not unreasonably slow, with the type of 
counting element described in this paper; not more 
than 2 #sec. would be needed for a complete 21 stage 
carry, so that an addition would require 42 H#sec. 
Actually this could be reduced by observing that only 
a first carry would have to propagate down the whole 
21 stages, succeeding carries passing through less 
stages in arithmetic progression, although the difficul- 
ties of making a ring counter to operate in this non- 
linear manner would probably outweigh the slight 
advantage of speed gain. 


The next adder, in order of simplicity, is the double 
Kirchhoff parallel adder shown in Fig, 14. 


In this circuit the carry output (if any) is first pro- 
duced by summing the incident digit (I), resident digit 
(R) and input carry by means of the equal resistance 
network shown. V1 is held cut off unless at least 
two of the incident digits are unity, for two-unit or 
three-unit inputs V1 is fully conducting and its anode, 
because of RA:, at low potential. In a similar 
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CARRY FROM 
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2R 
<— ([JINCIDENT DIGIT)—(2x CARRY) =RESIDENT 
DIGIT 
Fig. 14. 
Kirchhoff adder 


manner V2 is held cut off or fully conducting by its 
grid connexion to the anode of V1, and the value of 
RA: is so chosen as to pass on a carry signal to 
the next stage and at the correct voltage level. The 
sum digit to be injected into (R) is generated by a 
second Kirchhoff net using the relation: 

Resident digit = (sum of incident digits — twice 
carry) and can be placed in (R) by a suitable gate 
circult. 

A version of this circuit, using only one triode sec- 
tion per stage has been devised by Jan Raijkman of 
R.C.A., but it requires that alternate stages of the cir- 
cuit have to be wired in reverse manner to correct for 
inversion of the carry polarity. 


The disadvantages of this type of circuit are: 


(1) Its slowness, as large resistors r and R must be 
used for the Kirchhoff nets; 

(2) That very close tolerances on components and 
voltage levels are required to make a large 
number of stages work. 

There has, in fact, been considerable discussion re- 
gardng the working of the circuit at all as a long- 
term entity in view of the effects of ageing on com- 
ponent values. 


The Kirchhoff adder is a typical example of the 
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Fig. 15. 
Logical adder (parallel) 


sort of troubles which beset analogue circuits, the 
next circuit to be described (Fig. 15) is completely 
logical in operation and does not suffer from these 
disadvantages. 


The incident digit is stored in (R) and the present 
contents of the accumulator register in A, the addi- 
tion takes place in two parts. First a positive pulse is 
applied to the gate G:; if (R) contains a 1 this gate 
is open and emits a negative pulse to the cathode of 
(A), thus causing it to change state. Next the carry 
is generated and propagated; if (A) is in state 0 while 
(R) is in state 1 this must have arisen from (A) being 
initially in state 1, hence a carry is required; this is 
generated by G:. On the other hand, (A) may be in 
state 1 and a carry may be incident upon the stage; 
in this case propagation is again required and G: effects 
this. If (A) is in state 0 either no carry is possible 
whatever input carry occurs, or else it has already 
been generated as shown above. Finally, any in- 
cident carry prepares G:, and after a time sufficient 
for all carry propagation to be complete, a positive 
pulse applied to G: which, if the latter is open, 
passes as a negative pulse to the cathode of (A), 
causing a change of state. It will be seen that the 
above process is precisely that required to effect addi- 
tion in the binary scale. 


The structure of the gate elements is shown in 
Fig. 16. 

Normally the cathode of the double triode is 
held positive by the cathode follower action of V1; 
negative pulses applied at (a) reduce this potential 
but not sufficiently to let V2 conduct. If, however, 
a positive pulse is present at (b), V2 conducts and 
a negative output pulse is emitted from its anode. 
It is easily seen how, by the use of suitable resistive 
coupling network, this gate can be used in the cir- 
cuit in Fig. 15. 


As a final example of an adder, Fig. 17 gives the 
logical circuit of the serial adder used in the present 
machine. 

On receipt of the addition instruction a step volt- 
age appears at the input; this opens the gate Go in 
readiness for the 21 clock pulses from the memory 
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(see Fig. 1), it also clears the carry store (C) to zero. 
As the 21 clock pulses arrive they pass through Go 
and arrive at G,, which is closed if the incident and 
carrying stores (I) and (C) contain the same digits 
and open otherwise. This is effected by an anti- 
coincidence circuit of the type described above. 
Clearly, if the incident and carry digits are both the 











Fig. 16. 
Typical gate element 


same no change is to be made in the contents of 
(R21), whereas if they are different it has to be 
changed over; thus if G: emits a pulse it is applied 
to the cathode of (R21), causing a change of state. 
Consider now the carry to be stored for the next addi- 
tion; if (I) and (C) have identical contents either 
(I) = 0, (C) = 0 in which case there is no carry to 
the next operation whatever the state of (R21) or 
(1) = 1, (C) = 1, in which case (C) already contains 
the necessary carry and need not be touched. Again, 
if (I) # (C) the carry depends on (R21), if R21 = 0 
there is no carry to be stored and thus G: trans- 
mits a pulse from G:, to clear (C) to zero. Alterna- 
tively if (R21) = 1, Gs transmits the pulse and sets 
(C) to state 1. It is thus seen that the circuit is 
adequate for the operation of serial addition. 

To perform subtraction (using the complement 
system) a coincidence circuit can be used in place of 
the anti-coincidence one shown, and the subtraction 
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Fig. 17. 
Serial adder 


control gating pulse then sets (C) initially to state 1 
thus producing the end round carry correctly. Alter- 
natively, the connexions if G: and Gs with (C) may 
be interchanged (electronically of course!), or again, 
the register shift pulse may be used to change (C) 
over by direct application to its cathode. As a final 
alternative the clock pulses may be delayed so that 
(J) is set to the second half of each digit pulse, which 
is the inverse of the first half. 


Conclusion 


It is hoped to present, in the next paper of this 
series, details of the multiplier circuit, decoding func- 
tion table and overall control, all of which are at 
present either under test or construction. 

The author’s thanks are due to Messrs. T. J. Ring- 
rose and N. Kitz for constructional help on the circuits 
and to Mr. C. Newman for the mechanical 
components. 

References 


1 Booth, A. D., Electronic Engineering, 21, 234, 1949. 

2 Wilkes, M. V. and Renwick, W., Electronic Engineering, 20, 208, 1948. 

3 Hartree, D. R., ‘‘ Calculating Instruments and Machines’’ University of 
Illinois Press, 1949. 





High Speed Scaler 


This unit, developed by the Atomic Energy 
Research Establishment, Harwell, is a fast scale-of- 
ten counter, including an input amplitude discri- 
minator, which is designed for use in front of a 
normal type of scaler to extend the upper limit of 
counting rate into the range 10° to 10° counts per 
second. 


Amplitude Discriminator 


The amplitude range is 5 to 50 volts and it will 
operate on pulses of 0.05 microseconds or greater 
width. For a constant amplitude, constant width 
pulse the discriminator range between full count and 
no count is less than 0.1 volt. 


Scaler 


The resolution time of the complete unit (including 
discriminator) is 0.25 microseconds provided that 
the input pulse width, measured at the discriminator 
amplitude setting, is not more than 0.15 micro- 
seconds. If the input pulse width is greater than 
this figure the scaler will be ready to count a pulse 
0.1 microseconds after the end of the previous pulse. 
On every fifth pulse the above figure of 0.25 micro- 
seconds is increased to 0.30 microseconds. 

The maximum average count rate ies fie Sa 
counts per second. 

The output of the scaler is a 20 volt pulse of 1 
or 2 microseconds width. A test oscillator giving 
pulses at about one a second is included to help in 
testing the unit. 

Full details on application to A.E.R.E., Harwell, 
Berkshire, mentioning Specification 109. 
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Part 


The Complete Stabilizer* 


A SIMPLIFIED circuit of an A.c. precision voltage 
stabilizer using a Type A controller, and embody- 
ing the principles already detailed, is shown in Fig. 20. 
The input is fed, through the controller transformer 
TR:, to the output, across which is connected the 
indicator transformer TR:. A potential divider P: is 
arranged so that the voltage output of the stabilizer 
may be varied over a small range. The transformer 
secondary feeds the voltage sensitive bridge composed 
of the potential divider P: (forming the two “ ratio ”’ 
arms m and m, the linear resistor Rs and the thermis- 
tor T:. The resistor Rs and the thermistor T: form 
the potential divider used for temperature compensa- 
tion, T: being a large type thermistor. Quadrature 
compensation is obtained by means of the capacitor 
C:. In normal operation contact B2 is closed, short- 
ing out the transformer TR:. The output from the 
bridge is fed through the parallel-T network com- 
posed of C2, Cs, Cs, Re, R: and Rs, tuned to 150 c/s., 
so as to reject the third harmonic unwanted voltage 
of the bridge. The output from the bridge is now 
amplified by the two stage resistance-capacitance 





*Prov. Patent application No. 7887 and 16773 
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IV 


coupled amplifier from which it is fed, through the 
contacts A: and Bs, (which are closed under normal 
operating conditions) to the amplifier valve Vi. This 
feeds the controller valves V: and Vs, through the 
centre tapped transformer TR:. Bias for the con- 
troller valves is obtained from the common cathode 
resistor Rs, by-passed by the capacitor Cs». The H.T. 
supply section (not shown in the figure) consists of a 
conventional full wave rectifier with a single stage 
L-C filter to the controller valves V: and Vs and an 
additional L-C filter for the amplifier section. 

The remainder of the circuit.is used for protection 
purposes, should the supply go outside the normal 
range of input voltage; and is also used for starting, 
Suppose that the input voltage rises, then the drop 
across valves V: and Vs increases, so as to maintain a 
constant output voltage and, eventually, if no protec- 
tive features were incorporated, this voltage would 
become excessive and also cause the anode dissipa- 
tion of valves V: and Vs to become excessive. To 
prevent this, two suitable Metrosil disks, M: and M:, 
are placed across the transformer TR:. When the 
voltage across the primary of TR: reaches a certain 
value these disks pass appreciable current. This pre- 
vents the voltage from becoming excessive, and since 


Fig. 20. 
Simplified circuit of stabilizer 
Relay contacts are shown in their normal positions. 


In operation the relays are energized. 
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it reduces the current in the valves, prevents the 
anode dissipation from becoming excessive. Since 
the disks prevent the controller voltage increasing, 
the stabilizing action fails and the output from the 
bridge rises rapidly, as the stabilizer output voltage 
rises. The output from the amplifier is fed to the 
valves V: and Vs, the anodes of which are fed with 
4.c. in antiphase. When this bridge voltage exceeds 
a certain value, the anode current of V« is reduced 
(the anode being fed with a.c, of the correct phase) 
causing relay A to be de-energized. This, by means 
of contacts A: and Az, disconnects the controller 
valves from the bridge and connects them to suitable 
4.c. potential, such that the full voltage drop is main- 
tained across TR:, thus maintaining the stabilizer 
output voltage as near constant as possible. So long 
as the supply voltage to the stabilizer is high, the 
instrument remains under these operating conditions 
and no harm is done. When the voltage falls to 
normal, the bridge rebalances, the bridge output is 
reduced, relay A closes and the stabilizer reverts to 
normal operation. Indication of high input voltage is 
given by a signal lamp D: operated by contacts As. 
If the stabilizer input voltage decreases so that the 
controller valves V: and V: fail to give sufficient out- 
= again the stabilizing action will fail and the 
ridge will go off balance, producing a large voltage 
from the amplifier, but of opposite phase to the pre- 
vious case. This causes relay B to be de-energized, 
disconnecting the controller valves from the bridge 
(by contact B:) and connecting them to a source of 
a.c. such as to maintain them at full output. This 
keeps the stabilizer output voltage as high as pos- 
sible, i.e., as near its correct value as possible. If no 
other action took place the bridge would not remain 
at its operating point X (Fig. 12) since the bridge is 
unstable when not connected to a stabilizing circuit 
but would take up some operating point to the left 
of the peak in the combined characteristic. To pre- 
vent this, an auxiliary controller, formed by the valve 
V. and the transformer TR:, is brought into operation 
by the opening of relay contact B:. This auxiliary 
controller is connected so as to continue to maintain 
the bridge voltage constant, but not the output volt- 
age of the stabilizer. If the voltage remains low the 
stabilizer continues to operate in this manner and no 
damage is done. When the voltage returns to normal, 
the bridge rebalances, so reducing the amplifier out- 
put and energizing relay B, when the stabilizer re- 
verts to normal operation. Indication that the input 
voltage is low is given by the signal lamp D:, operated 
by contact B3. The stabilizer can normally be 
brought into range, in either of these cases, by chang- 
ing the output voltage by operation of the potential 
divider P:. In some cases this may be inconvenient 
and, in such cases, the input voltage may be adjusted 
by means of a Variac or a tapped transformer. The 
auxiliary controller is also used for starting. When 
the stabilizer is first switched on, the thermistor T: is 
cold, and bridge operates at some point to the left of 
the peak in the combined characteristics (Fig. 12). 
This results in a large output de-energizing relay B, 
which places the auilixary controller in circuit. This 
is arranged to raise the bridge voltage (but not the 
stabilizer output voltage) to a value corresponding to 
the peak of the cumbined characteristic, so heating 
the thermistor and bringing it to its correct operating 
point X, when relay B is again energized. 
If the stabilizer is required to operate over a larger 
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Fig. 21. 
Circuit used for short term testing of stabilizer output 


range of input voltage than can be conveniently 
covered by valves V: and Vs, relays A and B can be 
used to operate a motorized Variac so as to maintain 
the stabilizer input voltage within range. The motor 
can operate rapidly as the Variac has only to bring 
the input voltage within the range of the stabilizer 
‘and is not required to bring it to a particular — 
A certain amount of overshoot is therefore permissible, 

No details of valves have been given as these are 
not critical, so iong as they are operated under the 
correct voltages. Five complete stabilizers have been 
constructed using different valves and components, all 
operating successfully. 

If a Type B controller is used the circuit is simph- 
fied slightly since no action need be taken for high 
stabilizer input voltages (unless indication of failure 
to stabilize is required) as the controller is self-protect- 
ing. On low input voltages it is only necessary to 
bring into operation the auxiliary controller and, ii 
required, a signal lamp. The H.T. supply power will 
be much reduced as it is now only required to feed 
the three amplifier valves and the auxiliary controller, 


Performance 


It has already been mentioned that the true 
criterion as regards the “ size ’’ of a stabilizer of this 
type, is the product of the output current and the 
range of input voltage over which it will operate. 
The power output of the stabilizer can therefore be 
increased by reducing the voltage over which it will 
operate, simply by altering the ratio of the _trans- 
former TR:. Stabilizers have been constructed using 
Type A controllers for outputs of 100, 500 and 1,000 
VA (using different controller valves) at 230 volts and 
having input voltage ranges of + 10 per cent, + 4.5 
per cent and + 6 per cent respectively. A stabilizer 
using a Type A controller has been constructed for an 
output of 2 kVA with an input range of + 5 per cent: 

The exact performance of a stabilizer will depend 
on the operating range, amplifier gain, etc., and the 
results given here are for a 230 volt stabilizer, with 
a Type A controller, designed for an output of 2.5 
amperes with an input range of + 8 per cent, i.e., a 
total variation of about 14 volts. It was designed to 
have a stability of 0.01 per cent or better under al 
normal operating conditions and a distortion of less 
than 1 per cent. Due to the high stability the changes 
in output voltage are small (0.01 per cent is only 23 
millivolts in 230 volts) and difficult to measure. Two 
methods of measurement were used: 


(a) For tests over long periods, such as the effect 
of temperature, a sub-standard voltmeter with a 6 in. 
mirror scale was used. Instead of actually reading 
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Relation between output voltage and ambient temperature 


this instrument it was adjusted, by means of a known 
variable resistance, to some fixed point on the scale 
(about 90 per cent full scale) and the change in total 
resistance noted. By this means a change of 0.03 per 
cent could just be detected and a change of 0.05 per 
cent with certainty. 


(b) For short period tests, such as changes of input 
voltage, load etc., the apparatus shown in Fig. 21 was 
used. R. and R» are standard resistors, T. and T» 
are similar 5 mA thermocouples connected (in opposi- 
tion) to a sensitive galvanometer G. Initially, the 
current in T> is adjusted so that there is no deflexion on 
the galvanometer. A change in the stabilizer output 
voltage will then cause a change of current in the 
thermocouple T. and cause a deflexion on the galvano- 
meter. The long period stability of this arrangement 
was not relied on and in most cases the readings were 
taken in less than one minute. The results that are 
given are the mean of a number of tests taken with 
this apparatus. Using this arrangement a change oi 
0.002 per cent could just be detected and a change 
of 0.004 per cent with certainty. 


The following results were obtained :— 
|. Effect of change of input voltage on the output voltage. 


The results are given in Table 3 where it is seen 
that in all cases the changes in output voltage are 
considerably less than 0.01 per cent. Using the value 
of 0.004 per cent (0.009 volts) for a 10 volt change of 
input voltage, the regulation factor is 0.009/10 or 
0.0009, resulting in a stabilization ratio of 1,100. 


2. Effect of change of load on the output voltage 


The results are shown in Table 8 and again it is 
seen that the changes are less than 0.01 per cent. 
Using the figure of 0.002 per cent for a 2 ampere 
change the internal impedance is 


0.002 x 230 
100 x 2 


The significance of this figure may be realized when 
it is noted that this is the resistance of approximately 
1 it. of No. 16 S.W.G. copper wire. It is obviously 
important that care is taken in the connexions be- 
tween the stabilizer and apparatus under test if this 
low figure is to be utilized. 


= 0.0023 ohms 


3. Effect of change of frequency on the regulation factor and the 
output voltage 

From Table 8 it is seen that the regulation factor is 
practically independent of the frequency and that the 
change of output voltage with normal changes in fre- 
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quency (48 to 52 c/s.) is negligible, being only 0.0006 
per cent for 1 per cent change in frequency. 
Originally the change of output voltage with fre- 
quency was of the order of 0.02 per cent for 1 per cent 
change of frequency, which was considered undesir- 
ably high. This was traced to the indicator trans- 
former which was being operated at a rather high flux 
density (similar to a small mains transformer as used 
for radio) and the trouble was cured by replacing it 
with a transformer operating at a lower flux density. 
This fact shows the care that must be taken in the 
selection of the components when high stabilities are 
required, the ratio of a transformer normally being 
assumed constant over this small range of frequency. 


4. Effect of change of ambient temperatures on the regulation 
factor and output voltage 


It is seen from Table 3 that the ambient tempera- 
ture has little effect on the regulation factor. The 
relationship between the ambient temperature and 
the output voltage is shown in Fig. 22, these results 
being obtained by placing the indicator section in a 
box and varying the temperature by means of a 
heater. The rate of change of temperature above 
20° C. was about 5° C. per hour, while the readings 
below were obtained two days later when the room 
temperature had fallen. It is seen that the output 
voltage is within 0.1 per cent (+ 0.05 per cent) from 
14 to 85° C. (57 to 95° F.) which is ample range for 
normal laboratory use. If the temperature range over 
which it is desired to operate the stabilizer is much 
greater, it would be advisable to place the thermistor 
in a small constant temperature oven. This could 
easily be done as the size of the thermistor is small 
and the self heating is negligible. 


5. Effect of changing valves on the output voltage 


The effect of changing valves on the regulation 
factor could not be detected and the change of out- 
put voltage on changing the valves in the amplifier 












































TABLE 3 
} Per- 
Output Fre- centage 
Input | Power Temp. | Change} Re- 
Voltage gre viey Factor | Wency °c. in marks 
ps. c/s. Output 
Voltage 
5 volt change 0 — 50 17 0.000 a 
7 volt change 0 — 50 17 0.004 — 
5 volt change . ! | 50 17 0.000 _ 
10 volt change | | 50 17 0.004 _- 
5 volt change 2 | 50 17 0.002 a 
Constant... }to2 i] 50 17 0.002 — 
Decreased 
6 volts oon 1 FOOD | 50 7 0.006 — 
Decreased 
5 volts soe b OOG 2 | 50 17 0.002 _ 
Decreased 
6volts ... | Oto3 | 50 17 0.002 | Over- 
Constant ... | Oto2 | O lead 50 17 0.002 load 
Constant Oto 1.3} 0.5 lag 50 17 0.002 —_ 
5 volt change ! | 48.5 17 0.000 _ 
10 volt change ! | 48.5 17 0.000 _ 
10 volt change ' | 53 17 0.004 —_ 
Constant . | I 48-52 17 0.005 _ 
(8%) 
5 volt change | I 50 20 0.000 _ 
5 volt change | | 50 24 0.000 — 
10 volt change ' i 50 24 0.005 — 
5 volt change ! 1 50 27 0.000 — 
10 volt change | | 50 27 0.006 _ 
5 volt change ! ! 50 33.5 | 0.002 _ 
10 volt change I 1 50 33.5 0.006 —_ 
5 volt change | i 40 0.003 —_ 
10 volt change ! 1 50 40 0.004 _— 

















Fig. 23. 


Output voltage of stabilizer. Change of voltage 
occurs instantly at point X. 


a. and b. 10 volt increase in input voltage 
(positive and negative peaks of cycles respect- 
ively). 

c. and d. 10 volt decrease in input voltage 
(positive peaks of cycles). 


section was less than 0.007 per cent, allowing 3 
minutes to settle down after switching on and off in 
order to change the valves. This indicates that the 
valves may be replaced without any need for adjust- 
ments to be made to the stabilizer. 


6. Effect of change of amplification on the regulation factor 


The gain of the amplifier was reduced by 25 db (17 
times) and the change of output voltage for a change 
of 5 volts in the input was only 0.03 per cent. This 
rose to 0.09 volts for a change of 10 volts in input 
voltage. By more careful balancing of the bridge 
this could be reduced to 0.007 per cent. From this 
it is seen that any normal changes in the gain (which 
will be much less than the above) of the amplifier wil! 
have a completely negligible effect on the regulation 
factor. This conforms one of the advantages of placing 
the indicator across the output of the stabilizer, as 
referred to in Part I. 


7. Effect of change of bridge balance on the regulation factor 


The balance of the bridge is not critical and chang- 
ing the balance point by + 2.5 per cent resulted in 
output changes of only 0.014 per cent and 0.007 per 
cent for an input change of 19 volts. 


8, Response Time 


The response time was obtained by means of a 
cathode-ray oscillograph and a single stroke time 
base, synchronized with an artificially produced, 
sudden change in input voltage.“ A large number of 
records were taken and in many cases no change could 
be detected, the actual magnitude of the transient 
depending on the instant in the cycle when the volt- 
age change was made. Fig. 23 shows cases where a 
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transient is visible, from which it is seen that the 
correction is completed in 1 to 1} cycles, i.e., 0.02 to 
0.03 seconds. This is about 1/10th of the response 
time of the thermistor itself. This reduction is due 
to the feedback action of the stabilizer and the cor- 
rection time was increased to about 20 cycles when 
the gain of the amplifier was reduced by 25 db. A 
reduction of this magnitude. is not likely to occur in 
practice and this increase is not important. Oscillo- 
graph records of the voltage across the controller 
transformer are shown in Fig. 24, where again it is 
seen that the change is completed in about one cycle. 
The voltage across the controller transformer is rather 
distorted in these records (see also Section 9) due to 
the poor waveform used to feed the stabilizer during 
these tests. 














TABLE 4 
HARMONICS IN OUTPUT VOLTAGE OF STABILIZER 
(PERCENTAGES) 
Funda- 
|mental| 3rd | 5th 7th 
input voltage to stabilizer | 100 | 02 | 013 | 045 


Output voltage of stabilizer 











No load. Zero controller volts 100 0.44 | 
| amp. load. Zero controller | | 
VOR as. 3 ex es 00 0.45 | 0.14 | 0.40 
2 amp. load. Zero controller | | 
volts... bes sae a, 0.50 0.13 | 0.36 
| amp. load. +5 volts across} | | 
controller oa nee os | (100 | O35 | O13 | O90 
| amp. load. -—5 volts across} | | | 
controller . es er 00 0.27 | 0.25 0.36 





9. Output Waveform 


Table 4 shows some tests of the output voltage 
taken with a harmonic analyzer. The maximum 
difference compared with the input voltage is 0.3 per 


Fig 24. 


Voltage across controllertransformer. Change 
of input volts takes place instantaneously at 
point X. 


a. 6V increase in input voltage showing reduction 
in controller voltage. 


b. 6V increase in input voltage showing increase 
in controller voltage (opposite phase to a.) 
c. 10V increase in input voltage showing reversal 
of phase of controller voltage 
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cent third harmonic, 
which is well within the 
limit of 1 per cent quoted 
earlier. The voltage 
across the controller 
transformer may be con- 
siderably distorted, with- 
out producing appreci- 
able distortion of the 
stabilizer output voltage, 
since it only forms a small 
percentage of the total 
ouptut voltage, e.g., 10 
per cent harmonic across 
the controller transformer 
will, if the controller 
voltage is only 5 per cent 
of the total, produce only 
0.5 per cent harmonic in 
the output voltage. 

10. Stability 





Fig. 25. 
Photograph of a 
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normal range of opera- 
tion—a _~=—s point’~=— which 
appears to be overlooked 
in many designs, Positive 
indication of failure to 
stabilize is given by the 
indicator lamps which 
could be supplemented 
by buzzers if required. 
On a normal mains 
supply no movement of 
the pointer of a_ sub- 
standard voltmeter can 
be detected, even with a 
magnifying glass. 

From the figures given, 
it is seen that the stabi- 
lizer completely fulfils 
the original specification 
of a stability of 0.01 per 
cent under normal operat- 


let hill 





The stability of the 
stabilizers with time 
appears to be good. One stabilizer has been in use for 
12 months without any adjustments being necessary. 
Another stabilizer travelled 200 miles by rail and, 
when tested a week later, the change of output volt- 
age for a 10 volt input change was of the order of 0.002 
per cent, no adjustments having been made to the 
balance of the bridge. 

No trouble has been experienced due to hunting, 
probably due to the fact that only one section, the 
thermistor bridge, of the feedback loop has a large 
time constant, the response of the amplifier and con- 
troller being practically instantaneous. To reduce the 
very high and very low frequency response of the 
amplifier, simple R-C filters are used between the 
valves of the amplifier. A photograph of one of the 
stabilizers is shown in Fig. 25. 

Finally, the stabilizers are completely automatic, 
do not require frequent adjustment and are not 
damaged by changes of input voltage well outside the 


ing conditions. 
Conclusions and Acknowledgments 


These stabilizers appear to fill a gap where no such 
instruments have been available previously with this 
degree of accuracy. The stabilizers were originally 
developed, and will probably be mainly used, for 
accurate potentiometer work where a highly stable 
supply is essential if misleading results are not to be 
obtained. Other applications have already been 
found for them. Although the author has considered, 
a stabilizer for 230 volts 50 c/s. there is no reason 
why similar equipment could not be made for other 
voltages and frequencies. 

The author wishes to thank Principal H. 
Richardson, M.Sc., F.Inst.P. for permission to publish 
this information and also Messrs. H. Tinsley and Co. 
for their help and interest in this work. 
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Cathode Ray 


G.E.C. Picture-Telegraph Equipment 


|; o new picture-telegraph equipment made by 
The General Electric Co., Ltd., can be used for 
sending and receiving photographs, drawings, maps, 
and facsimile messages between points linked by 
physical telephone lines, carrier circuits (including 
power line carrier circuits) and radio links. It is 
already in use in Britain and overseas and is suitable 
for use by newspapers, news agencies, police forces, 
shipping and airline companies. 

Definition is the highest possible within the limits 
prescribed by the Comite Consultatif International 
Telegraphique (C.C.I.T.), and the equipment will 
work in conjunction with any other picture-telegraph 
equipment which complies with these standards. 
Pictures can be received as positives on photographic 
paper for direct blockmaking or viewing, or as 
negatives on photographic film in cases where many 
positive prints are wanted. 

The maximum size:of picture that can be accom- 
modated is 10 by 8 in., but large pictures, maps, 
etc., can be sent by being cut up into sections and 





transmitted in sequence. At normal transmission 
speed a 10 by 8 in. picture can be sent in 14 minutes. 
When, however, transmission charges are heavy, the 
time can be reduced to 7 minutes at the expense 
of picture quality. 

The apparatus is divided into two main parts; 
transmitter and receiver, each of which has a 
machine sub-unit, optic head and two amplifiers. 
A transmitter can be converted for use as a receiver 
by the simple interchange of parts, and this con- 
vertability is of considerable value for users who 
wish to transmit and receive but do not wish to 
do both simultaneously. 


Transmitter 


The picture to be transmitted is clipped to a drum 
which is slowly retated and scanned by an optic 
head mounted on a carriage driven by a lead screw. 
The speed of traverse ‘is such that the head moves 
0.01 in. for each revolution of the drum, thus scan- 
ning the picture as a spiral band 0.01 in. wide. 
To keep the definition high the area being scanned 
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Principle of operation of the G.E.C. pwn telegraph system trans- 
mitter, with . 


must be very small because the photocell reacts 
only to the average value of the light from each unit 
area of the picture. In this equipment the area 
of each picture element is 0.01 by 0.008 in., and 
during the transmission of a 10 by 8 picture one 
million of these areas are scanned. 

If the varying light intensities from the picture 
were allowed to fall directly on the photo-electric 
cell the output of the cell would contain a wide 
range of frequencies, even down to zero. The design 
of amplifiers with linear characteristics to cover 
such a large frequency range presents substantial 
difficulties, and therefore to allow the cell output 
to be satisfactorily amplified a fundamental fre- 
quency or carrier is introduced into the light beam 
by means of a slotted disk, which rotates to inter- 
rupt the beam at a frequency of 1,326 c/s. The 
light which then falls on the photo-electric cell 
contains two varying components, a cyclic variation 
of intensity, due to the rotation of the slotted disk, 
and a random variation resulting from changes in 
picture tone. The output of the cell therefore con- 
tains a frequency of 1,326 c/s., amplitude modulated 
in sympathy with the mean brightness of the picture 
element that is being scanned at any instant. The 
slotted disk is a square-toothed wheel with 13 aper- 
tures and is mounted close to a lens at one end 
of a motor shaft. At the other end of the shaft 
is another disk, with 13 spiral slots in it and 
mounted opposite the apertures of the toothed 
wheel. The function of this second wheel is to 
ensure that each picture element being scanned is 
held in view during each cycle of the carrier fre- 
quency, i.e., to ensure that the cell sees only one 
picture element at a time. 

Output from the photo-electric cell is amplified 
by a_ three-stage resistance-capacitance coupled 
amplifier to a voltage of 1.5-2 volts, which is suit- 
able for applying to a telephone line. 

To ensure fidelity of reproduction the picture drum 
in the transmitter and receiver must rotate in 
synchronism. - An error of only 1 part in 80,000 
will produce an error of 0.1 in. in a 10 by 8 in. 
picture. Synchronism is controlled by tuning forks 
vibrating at 1,020 c/s. The forks are matched in 
frequency to within about 5 parts in a million and 
have a temperature coefficient of less than 1 part 
in a million per degree Centigrade. Means are pro- 
vided for adjusting the frequencies of the forks over 
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.asimilar representation of the receiving equipment. If required, 
a single drum unit can be used both for sending and receiving. 


a range of + 150 parts in a million. This adjust- 
ment allows the forks to be matched with each other 
er with equipment used in other systems. The 
tuning fork controls the frequency of a multi-vibrator 
working at one-fifth of the tuning fork frequency, 
i.e., at 204 c/s., and after amplification the power 
output at this lower frequency is used to drive the 
picture drum motor. Power for the scanning disk 
motor is derived from an earlier stage of the same 
amplifier. 


Receiver 


In the receiver, light from a_ steady source 
impinges on the mirror of an oil-immersed oscillo- 
graph and the reflected beam is brought by a para- 
bolic lens to a focus on the surface of photographic 
paper clipped to a revolving drum. Between the 
mirror and lens is a tone control mask, which, in 
conjunction with tone correction circuits in_ the 
receiver amplifier, can vary the intensity of the light 
reaching the paper. 

The oscillograph mirror swings in response to the 
incoming signals, and the tone correction mask is 
so positioned that minimum deflexion (correspond- 
ing to dark tones in the original picture) sheds the 
greatest amount of light while maximum deflexion 
sheds the least light on the paper. The surface area 
of the mirror is 0.06 by 0.02 in. and the focused 
image on the paper is 0.01 by 0.003 in. 

The width of the spot focused on the paper must 
obviously be precisely 0.01 in., to correspond with 
the transmitted spiral. If it is wider there will 
be overlapping and consequently a black spiral 
across the picture, while if it is narrower there will 
be a white spiral across the picture. Accurate 
focusing is accomplished with the aid of two small 
jigs, one of which is graticuled with lines 0.01 in. 
apart. 

An interesting feature of the receiver is that the 
total length of the light path is only 6 in., which 
results in a very small optic head and excellent 
light efficiency. In the receiver, as in the trans- 
mitter,. the illumination is derived from a 6-watt 
motor-car lamp. All lenses are bloomed to reduce 
flare. 

For the reception of film negatives for use in 
making multiple prints at the receiving end, the 
equipment can be suitably altered so as to ensure 
the correct reversal of the image. 
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A Simple Slow Running Time Base 
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By C. J. DICKINSON, B.A., B.Sc. 
(Oxford University Laboratory of Physiology) 


Petal normally designed time base whose flyback 
depends on a capacitative coupling or on an in- 
ductive coupling will not run satisfactorily at low 
speeds. The time constant of the flyback mechanism 
eannot be made sufficiently long; hence if the 
time base is run slowly the sweep becomes cramped 
and non-linear towards the end of its traverse of the 
screen. With very large values of charging capacitor 
in a Puckle circuit, for example, the sweep can be 
made so slow that flyback will never take place at 
all. The time base to be described will always fly 
back at a predetermined point on its sweep, however 
slowly it approaches this point, and there is no 
theoretical limit to the lowest sweep speed and repeti- 
tion rate of which the time base is capable. Large 
capacitors are not necessary for low sweep speeds, 
and for a 380-second sweep a 0.5 uF capacitor is 
adequate. Lack of linearity at all velocities is not 
perceptible by eye. Maximum frequency is approxi- 
mately 10 kc/s., and output voltage is over 200 with 
the circuit illustrated. 


Clearly, in the design of such a time base (which 
might be required for the display of any slow elec- 
tronic or electro-mechanical phenomena) a trigger 
sensitive to small changes in steady voltage will be 
required. A Schmitt trigger was used by Gibbs and 
Rushton’ to operate the flyback in a time base for 
biological purposes where the repetition rate was con- 
trolled independently by another oscillator. The 
time base itself was a ‘‘Miller’’ with a special form 
of grid leak circuit which will be mentioned later. 
The fall in anode potential of the Miller valve during 
the sweep was communicated by a resistance network 
to the input grid of a Schmitt trigger. The appro- 
priate anode of the latter was directly coupled to the 
suppressor grid of the Miller valve, so that during 
flyback the Miller was cut off by the application of 
a negative voltage. The time base could be arranged 
to run repetitively by using the “‘backlash’”’ of the 
Schmitt trigger. It is a property of this circuit that 
it can be so adjusted that there will be a difference 
of potential of 20-30 volts between the input voltages 
alternately required to switch it from one limiting 
state to the other. If, therefore, the waveform at 
the anode of the Miller valve is made to appear, 
attenuated, at the input grid of the Schmitt trigger, 
it can be made to switch the trigger on and off; and 
therefore the time base will be self-repeating. 


Such a circuit has a few inherent disadvantages. 
The original design used a 500 volt negative supply 
line, in addition to a 400 volt positive one, so that 
direct coupled networks could more easily be used. 
Also, if a maximum output voltage of 200 is required, 
it must be attenuated 10 times to fall within the range 
of the 20 volts ‘‘backlash’”’ of the Schmitt trigger. 
This leads to uncertainty of operation, requiring very 
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Fig. |. 
Schematic of the time-base described 


careful adjustment of the trigger part of the circuit. 
The author attempted to adapt this circuit for use 
without a negative supply rail, by employing capaci- 
tative flyback coupling to the suppressor of the Miller 
valve; but it is only with the greatest difficulty that 
a time base of even 50 volts output can be obtained. 
If, however, a form of ‘‘flip-flop’’ is used as a trigger, 
the voltage output will not be limited by the ‘‘back- 
lash’? of a Schmitt. If the duration of the unstable 
limiting state of the flip-flop is just sufficient to cut 
the Miller off on its suppressor while the anode 
potential rises from, say, 150 volts positive to 350 
volts positive, the full maximum linear sweep will 
be available. The standard forms of flip-flop 
(transitron, or two valve) require an input of short 
pulses, but for the specific purpose outlined, a flip- 
flop triggered from a slowly falling steady voltage 
was required. The type of trigger described here 
is a combination of a Schmitt with a back capacita- 
tive coupling. Fig. 1, showing the time base com- 
plete, should make the design clear. The coarse fre- 
quency control is provided by S: and S:, which are 
ganged for a reason which will later be explained. 
Fine frequency control is provided by a potentiometer 
control of the grid leak return. 


To explain fully the action of the circuit, let us 
suppose that V: (the Miller valve) is originally cut 
off on its suppressor grid. Its anode will be nearly 
at the full u.1T. voltage, and thus the grid potential 
of V:a will be positive to the common cathode. 
As V:a is passing current, therefore, it follows 
that V:b will be cut off, and that its anode 
potential will be high. If the suppressor grid 








506 


of V: is brought to earth potential, the valve will 
pass increasing current at a rate which depends on 
the value of the anode/grid coupling capacitor, the 
resistance in the grid circuit, and the potential of 
the grid leak return. When the anode potential of 
V: has thus fallen (linearly) to about 150 volts 
positive to earth, the lowered grid potential of Va 
will start to reduce the current flowing through that 
valve. The familiar cumulative trigger action of the 
Schmitt will be further assisted by the back coupling 
through C:. The trigger will obviously remain in its 
unstable state until the negative charge on the grid 
of V:a has leaked away, since the anode of V: will be 
at a high positive potential. The sudden fall in 
anode voltage of V:b is not only communicated to the 
input grid of the trigger, but also to the suppressor 
grid of V:, cutting that valve off. The anode poten- 
tial will rise at a rate limited by the time constant 
of the anode load and the anode/grid coupling 
capacitor. If the time for this ‘‘flyback’’ bears a 
suitable relation to the rate at which the grid of V:a 
can become positive, the reverse trigger action will 
take place just before the anode potential of V: 
reaches the full u.T. voltage. As soon as the trigger 
is reset, the suppressor of V: will become rapidly 
positive, and the cycle will repeat. 

Various features of interest become apparent wheti 
this circuit is studied*in detail. There appears to 
be no limitation to the lowest frequency at 
which it can be operated, except the practical one 
of obtaining good quality large capacitors. If the 
flyback becomes too slow, the negative-going square 
wave at the suppressor may be differentiated; and at 
very long duration flyback times, the positive-going 
pulse at the beginning of the sweep might have to 
be removed by a diode, if it caused the suppressor 
grid to take current. For sweep durations of even 
30 seconds, however, this is quite unnecessary. 


For very slow speed operation the cathode follower 
of the original circuit of Gibbs and Rushton should 
be used instead of the grid leak illustrated, to permit 
a slow sweep velocity without the use of large 
capacitors, and also to improve linearity. Lack of 
linearity in the circuit of Fig. 1 is, however, not 
apparent to the eye at any sweep speed. If the type 
of non-linearity which occurs as an expansion of the 
first part of the sweep is encountered, the cause will 
almost certainly be a leak in the anode-grid coupling 
capacitor. If the leak resistance of this capacitor is 
at all comparable.with the high value of grid leak 
used, the effective charging voltage of the capacitor 
will vary with the anode potential, and will be 
highest at the beginning of the sweep, when the 
anode potential is high. A good range of velocity 
control is provided by the ‘“‘smooth’’ potentiometer 
control in the grid leak circuit of V:, while a coarse 
control is provided by the ganged switch S: and S:. 
Except at repetition rates where stray capacitances 
must be considered, the capacitor C: should be about 
1/10 the capacitance of C:, to ensure maximum 
amplitude and good linearity. If C: is made too 
large, there will be a ‘‘waiting”’ time at the begin- 
ning of the sweep, which could be utilized for certain 
purposes. If C: is too small, not enough time will 
be allowed for the anode of V: to rise to the full 
positive H.T. potential. It is obvious, therefore, that 
a variable resistance in series with C2 will serve to 
control the waiting period of the time base; or if C: 
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is smaller, it will act as an effective amplitude 
control. Disregarding the possible effect of stray 
capacitance, if the ratio of capacitances C::C: is kept 
constant for all positions of the capacitance selector 
switch, the amplitude will be the same on all ranges. 
It will not, of course, be affected by the position of 
the fine velocity control, except at high speeds. The 
grid-cathode capacitance of V:a is obviously the chief 
limiting factor for high speed operation, on account 


‘of the high impedance coupling circuit from the 


anode of V:. However, perfectly satisfactory time 
base operation can be obtained up to at least 
10 Ke/s. by the use of rather smaller values of C: 
than would be calculated if stray capacitances were 
ignored. 


Synchronization is best effected as shown, and not 
by the application of signals to the grid of V2b. Such 
signals, although not quite large enough to trip the 
trigger, can cause velocity modulation of the trace 
through variations in suppressor voltage conveyed 
from the anode of V:b. The same objection does not 
apply to Va, and only 1/200 of any voltage applied 
to its grid can appear in the time base output (even 
assuming an infinite anode impedance for Vi). The 
470 k® series resistor in the synch. input lead may 
be omitted if synchronization is only required from 
high impedance sources, with a resultant increase in 
synch. efficiency. 

It will be obvious from a study of the diagram 
that there will be a stable state of the circuit in 
which oscillation cannot occur. If the suppressor of 
V: is at earth potential, and its anode potential is 
low, and if at the same time V:2b is passing current 
while V:a is cut off, the circuit cannot function. In 
the event of this state occurring when the power 
supplies are switched on, the closing of a switch S: 
(which may equally well be between grid and 
cathode of V:a) and its release after the suppressor 
grid of V: has returned to earth potential will start 
the time base again. S: may, of course, be used to 
control single sweep operation. Once the time base 
has started, it can only be brought back to this state 
by a disconnexion in the circuit, or a direct short 
circuit of the output to earth. Therefore, the alter- 
native of delaying the application of anode voltage 
to V:, for example, or of heater supply to V:, will 
ensure that the time base will start automatically. 
Probably, with power supplies for the high tension 
line derived from an indirectly heated rectifier, the 
normal time delay in the application of H.T. would 
be sufficient. 


One further warning should be given. If long 
leads are used to pass from the valves to the panel 
controls (selector switch and potentiometer) there 
may be a danger of high frequency oscillation 
(using the wire inductance) which may be 
exceedingly difficult to locate, and whicn may cause 
anomalous behaviour of the circuit. This type of 
oscillation should be at once suspected if the anode 

otential of V: appears to be stationary between the 
imits of about 50 volts and 400 volts positive. How- 
ever, the use of small stoppers of 200-5002 in the 
control grid, screen and anode leads of V: and in the 
control grid leads of V: should eliminate any trouble 
of this type. 


Reference. 
2 D. F. Gibbs and W. A. H. Rushton, J. Sei. Instrum. 23, 270, 1946. 
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The 
Baldwin 
Electronic 


Organ 


By 


ALAN DOUGLAS 


S is well known, instruments of this type have 
been under development ever since the valve 
became stabilized in characteristics. A considerable 
number of inventors had anticipated this condition, 
but had to wait until their ideas could materialize. 
The most successful of the earlier electronic organs 
used some form of electro-mechanical generator, 
probably because the required stability and consis- 
tency could not be obtained from valves. In recent 
years, however, the valve has become completely 
reliable, and, even more important, the design, size 
and characteristics of all kinds of inductors, resistors 
and similar components have been quite revolu- 
tionized. New materials and manufacturing tech- 
niques have been largely responsible for this. 

The superiority of the valve as an oscillation 
generator is borne out in a striking manner in the 
Baldwin organ. It is possible to obtain almost any 
desired form or. complexity of oscillation by circuit 
manipulation, at a relatively low cost as compared 
with the electro-mechanical systems. 

For accurate musical synthesis, the generator, of 
whatever type, must provide an adequacy of har- 
monics.' As greater realism is demanded, and as 
this class of instrument comes more and more into 
competition with the pipe organ, the complexity of 
the electro-mechanical generator assumes uneconomi- 
cal proportions. This is especially true if additive 
synthesis is employed, since tempered scale inter- 
ference demands many extra generators, should 
these be of the single wave per note type. 

It is not too much to say that recent intensive 
researches into filter and resonant network design 
have enabled the designer of the complex wave music 
generator to synthesize most organesque tonecolours 
with striking success. Without these advances, it is 
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probable that the electro - mechanical generator 
would remain the more highly developed of the two 
methods. 

In any organ of full compass, it is necessary to 
provide a series of harmonics for each note extending 
to at least the 30th, almost to the top of the key- 
board. It is sometimes argued that there is little 
point in carrying these above the audible range; but 
experience has shown that many complex beating 
effects obtain at these high frequencies, the effects 
of which in combination with lower frequencies 
cannot be ignored. 

The Baldwin organ, therefore, sets out to provide 
a complete harmonic ‘series for each note, and to 


Fig. |. 
Illustrating the combination of two sawtooths to give a square wave 
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Fig. 2. 


The ferm ef square wave actually used is shown at the top, with the 
component sawtooth waves below 


this end the initially generated wave is a sawtooth. 
This has an infinite harmonic series, the amplitudes 
of which are inversely proportional to their harmonic 
order. Most of the sounds produced by open organ 
pipes contain even and odd harmonics, and can be 
synthesized from such a waveform. 

The stopped class of pipe sounds, or at least has 
most predominantly, odd harmonics. These are also 
powerful colour-forming constituents of reed pipe 
tone. Such harmonics are readily to be extracted 
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Fig. 4. 
The divider unit 


two sawtooth waves. The method is to take a saw- 
tooth wave an octave above the required funda- 
mental; reverse its phase by means of a valve; reduce 
its amplitude by half, and re-combine it with the 
fundamental frequency. In Fig. 1 is shown a saw- 


tooth wave, a square wave, and the process of com- 
bination just referred to. 


In practice, with the cir- 


No6 


No3 No4 


Fig. 3. 
Basic sawtooth generator circuit as used in the Baldwin organ 


from a square wave. It would appear logical to 
provide both types of waveform in an electronic 
organ, but normally this would increase the cost of 
the generating system and the complexity of the 
keying devices to an uneconomical degree. 

Dr. W. E. Kock is responsible for an ingenious 
circuit whereby a square wave can be formed from 


cuits employed, it is not possible to produce an exact 
sawtooth wave as shown, and the form shown at the 
top of Fig. 2 is actually employed. The process is 
again shown complete in this illustration, and while 
the cancellation is not complete for the higher har- 
monics, it is effective for those which lie within the 
audible range. 
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There are many generators for producing a saw- 
tooth wave. In designing an electronic organ for 
production, it is most desirable to reduce the number 
of components to the minimum in the present state 
of the art. The Baldwin generator is extremely 
ingenious and effective. 

Fig. 3 shows the generator circuit. The coil L is 
part of an ordinary plate-to-grid oscillator, and is 
tuned by C. The fundamental for this stage is taken 
out at No. 1. This signal also passes to-the first of 
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organ, e.g., CC, C, C’, C’, C’, C*. It will be observed 
that the cathodes of all but the actual oscillator 
valve are returned to a_ biasing potential. The 
dividers are thus of the blocking type, and this is 
done to prevent off-pitch tones in the event of any 
oscillator failing. A vibrato can be injected as 
shown; the circuit for this is described later. A 
photograph of a complete divider unit is given in 
Fig. 4, and the small size of the pulse transformer 
can be seen by comparison with the 6sN7 valves on 
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Fig. 6. 
Power supply and vibrato generator 


a series of five cascaded transformers coupled by a 
common iron core. The cores have pairs of induc- 
tively-coupled coils which feed a chain of valves in 
sequence. These coils are so proportioned that each 
can hand on enough energy to excite the next one. 
The frequency selecting network shown connected to 
the respective outlets 2, 3, 4, 5 and 6 determines the 
actual pitch at these outlets. The resistor shunted 
to earth across each outlet is a voicing resistor, to 
adjust the level of each note. Any one divider unit 
provides all the notes of one sign for the whole 


Fig. 5. 
Complete oscillator, dividing unit and power pack 





the top deck. The oscillator coil is in the black 
container, and it will be apparent that once the 
divider constants are set there will only be twelve 
oscillators to tune to maintain the whole organ in 
tune. The complete oscillator and dividing unit for 
the whole instrument, including the power pack, is 
shown in Fig. 5. This is the entire music generator. 

Since there are 61 notes on the keyboard, and a 
tempered scale octave has twelve notes, one extra 
generator must be provided for the additional note 
at the end of the 5th octave. One half of a 6SN7 
valve is used for this purpose, in a straightforward 
oscillator, the other half being a low frequency oscil- 
lator of 6 or 7 c/s. to provide the vibrato voltage. 
This valve can be seen on the right of the power 
unit, Fig. 6. It is a characteristic of the frequency 
dividing system used that it will not provide the 
correct value of pulse unless a definite ratio is main- 
tained between the u.T. line voltage and the cathode 
bias voltage. This value is critical, and is accurately 
set by the vernier resistors R8, R9 across the main 
positive to negative load resistor. The remainder of 
the power unit is conventional, and the economical 
working of the dividers is clearly shown in the fact 
that a single 5y3 rectifier can supply the entire 
system, with a margin of safety. 

So far, a series of sawtooth waves has been pro- 
vided by the divider units. None of these has yet 
been turned into square waves. To control the 
generator outputs, the signals are fed to switches 
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under the playing keys. It is common knowledge 
that no organ pipe speaks instantly, and equally 
well known that to break into a continuously- 
energized signal line will result in a very abrupt 
attack to the sound, and most unpleasant transients 
of a clicking, spitting or thumping nature. 

The Baldwin organ overcomes these difficulties in 
a most elegant manner. Underneath each playing 
key is a series of switches. Actually there are two 
ganged sets under the upper manual, three under 
the lower manual, and two under the pedal keys. 
That is because pitches of 8 and 4 ft., 16, 8 and 4 ft., 
and 16 and 8 ft. are fed to these respective claviers. 


The author regrets that it is not permissible to 
disclose the exact construction of these switches, but 
they are essentially of a variable resistance type, 
having a value which decreases logarithmically with 
a linear depression of the key, and having a resis- 
tance from infinity to a few thousand ohms. The 
mechanical resistance, or touch, is less than half 
an ounce for the three gangs, and they operate noise- 
lessly for five to six million working cycles. The 
switches are fitted in octave groups, and can readily 
be replaced if a bad contact should develop. This 
process is much easier than in a pipe organ with 
electric action. 
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Fig. 7. 


A. Oboe tone formed by applying generated wave applied to a 
resonant filter. 


B. Vox Humana formed by applying a phase-reversed wave to a double 
resonant filter 


C. Open diapason formed from the wave used for A 


_From the sawtooth wave, or combination of waves 
in different pitches, it is necessary to form the 
required tonecolours. This is done by means of 
filter circuits.” There are three principal types of 
filter in this instrument. Firstly, resistance-capaci- 
tance high pass filters which are for simulation of 
organ string tone; secondly, R-C low pass filters 
which are essentially for the flute type of stop; and, 
thirdly, resonant filters for the simulation of 
orchestral tonecolours. One or two examples may 
help to illustrate the effect of these. Fig. 7 shows 
at A the generated wave applied to a resonant filter 
to form an oboe tone; B, a phase-reversed wave 
applied to a double resonant filter to produce a Vow 
Humana ; and C, an open diapason formed from the 
wave used for A. In this instance, more second har- 
monic is required than would normally be available 
in the generated wave, so voltage is borrowed from 
another similar filter supplied by a generator an 
octave above, and added to the original wave; this 
is made possible by the arrangement of the ganged 
switches. 

To turn to the actual tone-forming circuits. These 
are partly shown in Fig. 8. Again, it is impossible 
to reproduce the whole of the circuits on this’ size 
of page. The swell manual has been selected because 
it employs the phase-reversing amplifier to the 
greatest extent. This can be seen in the top right- 
hand corner. There is some loss of signal strength 
in the filters, so a three stage preamplifier (bottom 
right) is introduced to restore the level. The mixed 
signals pass from this to the main amplifiers and 
loudspeakers. For the benefit of those experimen- 
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tally inclined, the correct values for the components 
are shown on one or two of the filters. 

The whole of the filter, phase reversing and pre- 
amplifier circuits ~ neatly disposed in the box 
shown open in Fig. ¢ 

In the organ vino iM there is a single expression 
pedal for the whole instrument. The console is quite 
standard, and the small size can be seen from the 
photograph of the complete organ, p. 507. The 
actual dimensions are 52} in, wide, 44 in. high, 42} in. 
deep, including 32-note pedal board. 

The author undertook a special investigation into 
all the electronic musical instruments produced in 
the U.S.A. in 1949, and heard many examples under 
all kinds of conditions. The Baldwin organ is out- 
standing both to hear and to play. Perhaps the 
fact that this company has spent over sixteen years 
developing the instrument before it was released is 
largely responsible. From an organist’s point of 
view, the touch and expression are ideal, and the 
different tonecolours are incredibly realistic. There 
are some fundamental differences between the 
voicing of American pipe organs and ours, but the 
author was able to satisfy himself during a week at 
the Baldwin plant that English voicing was readily 
obtainable with this instrument. A model is now 
under construction in this country. 
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Fig. 9. 
Filter, phase reversing and pre-amplifier circuit assembly 
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Stabilized Power Pack 


Running two stabilizing valves in 
parallel to}provide high current output. 


By R. E. HARVISON, B.Sc. (Hons.) 


(Electrical Engineering Dept., Manchester University) 


Possible Circuit Action with Valves in Parallel 


HE characteristic curves for two Stabilovolt 

stv 280/80 valves are shown in Fig. 1 and in 
Fig. 2 an _ enlarged portion of Fig. 1 over 
average working region of valves. These show that 
the slope resistance of one valve differs from that of 
the other, but that this difference is constant 
whether the valves are hot or cold. No explanation 
is offered for the “tailing off ’’ effect of cold curve 
B, as in the final consideration only the hot curves 
are used. 

Fig. 3 shows a schematic arrangement of valves A 
and B. The limiting resistors Ra and Rg have the 
same value, which is calculated by considering each 
valve to take half the total current output. 

Two aspects of this circuit are considered : 

1. Valves A and B connected in parallel (by join- 

ing X and Y) before E is applied. 


Fig. |. 


CharacteristicJcurves of stabilovolts after striking has 
occurred 
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Enlarged portion of Fig. | to show difference in slope 
resistance 
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2. Valves A and B connected in parallel (by join- 


ing X and Y) after E is applied, i.e., valves are 

ot. 
Case 1. Since B has the lower striking voltage (see 
Fig. 1) it will strike first. Thus voltage at the 
anode or top electrode of A is stabilized at a value 
below its striking voltage. So A cannot strike and 
valve B will take the full current—up to twice its 
maximum rated value—and will be damaged. The 
limiting resistor Rg alone would allow only half the 
surge to pass via B, but since Ra and Rp are in 
parallel the full current is taken. 
Case 2. Consider E = 264 volts; then from Fig. 2 
before X and Y are connected, A passes 60 mA and 
B 39 mA. On connecting X and Y ali the current 
is drawn via the lower resistance path A, and B is 
extinguished. The result is the same as that for 
Case 1, i.e., shift of all current to one valve, but the 
mechanism is different. 

In the light of the above, two requirements must 
be met before the valves can safely be put in parallel. 
These are: 

(i) The currents passed by individual valves must 

be made apnumadunchely equal. 

(ii) The points which are joined in the two arms 

shall be at the same potential. 

A schematic circuit which satisfies both these con- 
ditions is given in Fig. 4. Ra = Rs = R, the value 
of R is calculated (see later) to limit the current in 
each valve to below the specified maximum rating. 


Fig. 3. 


Connexion of tubes in parallel under unbalanced 
conditions 
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Fig. 4. 


Use of padding resistor to correct for difference in striking 
voltage and self resistance of tubes 
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The variable resistors Ri and R: enable the currents 
in A and B to be balanced before X and Y are joined 
by S. Visual indication of this balance point is 
iven by the milliammeters in the negative return 
eads. A small padding resistor Rs is placed in 
series with the valve which has the smaller working 
voltage, and varies the potential of point Y so that 
condition (ii) above is satisfied. The value of R: 
should be as low as possible, since point Y is 
“unstabilized ’’ by any supply fluctuation, by an 
amount which is proportional to Rs. Values of R, 
and R: are chosen to give an adequate current 
variation in each valve. 

It has not been found possible to connect inter- 
mediate electrodes in parallel, but these can be used 
separately to give stabilized voltages at small 
current drain (diode clipping supply, bias voltage, 
etc.). Any variation in valve current due to inter- 
mediate electrode drain after valves are in parallel 
can be balanced out by Rs. 


Practical —— of Power Supply using Tandem 
Stabilizing Valves 


The calculation of component values for a circuit 
using valves A and B (Figs. 1 and 2)—stv 280/80— 
is as follows: 

Maximum load required is 280 volts at 120 mA. 
This is equivalent to a resistance load of approxi- 
mately 2,300 ohms. The equivalent diagram of the 
stabilizing section at full load is shown in Fig. 5, 
in which Rc is the resistance of the choke in the 
smoothing circuit of rectifier supply E: and R’ limits 
the current to 120 mA assuming that both valves are 
conducting equally.:' Then by _ potential divider 


Fig. 5. 


Calculation of limiting resistance and equivalent 
output load. 
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action, taking E: = 350 volts and Ro = 150 ohms, 
we have: 


2,300 
350 2,300 + R’ + 150 


this gives R’ = 425 ohms. Thus Ra = Rp = 850 
ohms, and R: = R: = 1,000 ohms gives satisfactory 
current control. R: = 200 ohms was found to give 
adequate coverage for possible current variations. 

The complete layout is shown in Fig. 6. Two 1,700 
ohms, 2 watt resistors are used in parallel to replace 
the 850 ohms due to wattage requirements, and also 
because 1,700 ohms is a standard value in carbon 
resistors. 

The following procedure is recommended when 
using this circuit: 


1. Switches S:, S: open, Ri, R: and Rs set to mean 
positions. 


2. Close switch S:, one valve conducts first and as 
rectifier warms up the current will increase to 
nearly maximum value, when the other will in 
most cases strike. If it does not, striking may 
be stimulated by rapidly closing and opening 8: 
which is returned to the open position when 
both valves are conducting. Allow about five 
minutes for warm-up time. 


3. Adjust the currents to balance by means of R: 
and R:. 


4. Close S: and adjust Rs: to give equal currents in 
both valves. 


After the preliminary setting up, Rs is used to 
correct any unbalance introduced by variation in 
current drain. 


This arrangement of D.c. power supply has proved 
very useful in general experimental laboratory work, 
and in particular in the field of waveform generation 
and shaping, in which the technique adopted is one 
of step-by-step construction, resulting in a current 
drain which varies considerably as the component 
stages are built in. 


280 





Fig. 6. 
Typical circuit values 


20H 
Rp 





1SOn 


17k 2 
Tk 2w 


3 
“ 


l7kn Qu 


2 
= 
? 


+ 210! 20mA 
+140 
O+ 70 






































Flectronic Engineering December, 1950 


Photographs taken from a television receiver screen during the actual relay (Telesnaps by J. Cura.) 


The Dover-Calais 
Television Transmission 


On August 27 of this year, the B.B.C., in collaboration with the Radiodiffusion Francaise, televised 
the celebrations of the centenary of the laYing of the submarine cable between England and France. 


From Calais, where the main celebrations took place, the programme was transmitted by portable 
microwave equipment installed in the Clock Tower of the Hotel de Ville across the Channel to a receiver 
at Dover. From there it was retransmitted by v.H.F. to a water tower at Warren Street, Lenham, and 
thence to Harvel near Wrotham. 


The signal from Harvel was transmitted by a Microwave Link to the Senate House, London 
University, whence it was conveyed by cable to Alexandra Palace. 








levised 





(left): Microwave receiver on 
the roof of the Senate House, 
London University. 


Equipment was supplied as 
follows : 


Cameras and camera control 
equipment : Marconi’s Wire- 
less Telegraph Co., Ltd. 


Microwave television links : 
Standard Telephones & 
Cables, Ltd., and Marconi’s 
Wireless Telegraph Co., Ltd. 


V.H.F. television links : 
Marconi’s Wireless Telegraph 
Co., Ltd., and Pye, Ltd. 


V.H.F. links for speech com- 
munication between stations : 
gala Electronic Products, 
td. 


(left): Portable Microwave 
Television Receiving 
Equipment supplied by 
Marconi’s Wireless Telegraph 
Co., Ltd. installed on a water 
tower at Warren Street near 
Lenham. 


(right): The microwave 
receiving aerial manufactured 
by Standard Telephones and 
Cables, Ltd., mounted on an 
R.A.F. radar tower at 
Dover. 





(left) : Microwave receiving apparatus at Senate House, London University 
together with monitoring and V.H.F. communication equipment. 


(below) : Television transmitting equipment in the Hotel de Ville, Calais, 
together with monitoring and V.H.F. communication equipment. The 
transmitting microwave paraboloid can be seen on the extreme right of 
the photo. 
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Design of Iron Cored Inductances Carrying D.C. 


By N. H. CROWHURST, A.M.I.E.E. 


S EVERAL methods of designing iron cored induc- 
tances have been developed in the past, but each 
method lacks directness in one way or another. It 
it is not possible to arrive directly at the required 
design data from the three electrical quantities, 
inductance, D.c. polarizing current, and D.c. resis- 
tance. The charts: presented in this data sheet 
enable such a direct method to be used for the 
majority of applications. While in theory no direct 
method is capable of giving accurate results, in 
practice it has been found that the direct method 
employing these charts can give values as close in 
prediction as those obtained by more lengthy 
methods. 

The inductance of an iron cored component carry- 
ing D.c. depends in a somewhat complex manner 
upon not only the p.c. magnetizing component, but 
also the amplitude of the a.c. component of flux, so 
that accurate prediction of the inductance obtain- 
able over a variety of combinations of p.c. and A.c. 


Fig. |. (left). Magnetization 


D.c. magnetization, as well as two plots of p’ for 
two specific values of A.c. magnetizing force super- 
imposed. The plots of »’ are to a scale of 1/10th 
that for ». Assume that a given number of D.c. 
ampere turns are provided on a specific iron core 
having no air gap: this D.c. magnetization will 
bring the value of yp’ well down the slope of 
the characteristic shown in Fig. 2; if an air gap is 
introduced into the iron circuit, it will add an equal 
increment of reluctance to that of the magnetic cir- 
cuit for both p.c. and A.c. magnetization; due to the 
increased reluctance to D.c. magnetization, the 
operating point on the iron characteristic will be 
changed, so that the effective value of »’ for the iron 
part of the circuit will be raised to a point higher 
on the characteristic of Fig. 2; this increased value 
of »’ will reduce the reluctance of the iron part of 
the circuit to a.c. magnetization, while the air gap 
will introduce an increase in reluctance. Variation 
of the air gap will produce a maximum overall 


of iron with 


combined D.C.- and A.C.-H. 


ond 
to 
different 
scoles 


Fig. 2. (right) Properties of iron cores related 
to the design of inductances carrying D.C. 


H 


magnetization becomes so involved that even the 
more academic methods have to restrict themselves 
to prediction at limited selections of these combina- 
tions only. 


Basis of Charts 


Fig. 1 illustrates the magnetizing characteristic of 
the material in an iron core as it applies to the 
problem. The permeability with D.c. magnetiza- 
tion, given the symbol yu, is the relation between 
B and H on the pD.c. magnetization characteristic 
OA, but the effect of variations in current about a 
mean D.c. value, by superimposing a.c. magnetizing 
current upon the p.c. polarizing, is to produce small 
hysteresis loops tangential to the p.c. magnetization 
characteristic, as shown. The average slope of these 
loops is the permeability of the iron to the small 
degree of change in magnetizing force represented 
by the superimposed a.c., and it is this incremental 
permeability yu’, that must be used to determine the 
inductance for various combinations of A.c. and D.c. 
magnetizing force. 

Fig. 2 shows a typical plot of permeability » to 


p.c.H. 


reluctance to a.c. magnetization, for some value of 
air gap where the rate of change of reluctance due 
to variation of »’ with air gap is equal to the rate 
of change of reluctance due to the air gap itself. At 
this operating point in the magnetization charac- 
teristic of the iron, a coil will show its maximum 
value of inductance for the values of a.c. and D.c. 
magnetization applied. 

It is possible empirically, by adjusting the air gap 
for various values of D.c. magnetization with super- 
imposed a.c. magnetization, to find a proportion of 
air gap length to the length of iron path that will 
give a maximum inductance value for the particular 
combination of a.c. and D.c. magnetization employed. 
By varying the D.c. magnetization, and adjusting 
the air gap for optimum inductance, a plot of the 
effective maximum overall incremental permeability 
of the magnetic circuit can be obtained, and also a 
plot of the relative air gap length expressed as a 
fraction of the total magnetic circuit length, both 
against the D.c. magnetization per unit length of 
iron core. 

It is found that, using standard quality trans- 
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To obtain values of K, and K, for various core sizes and winding arrangements 


former iron, these plots can be approximated within 
‘a reasonably close degree of accuracy by the follow- 
ing laws. Writing #’m for the maximum overall 
incremental permeability, the law 
pm = FLIT/Li]-3 

holds for values of IT/L: above 3 ampere turns per 
inch, where I is the D.c. magne- 
tizing current, T is the number 
of turns, and LI: is the path 
length of the iron core. 

The relative air gap length can 
be approximately expressed, over 
the same range of D.c. magneti- 
zation as 


Le/Li = F{IT/Li]"’..... (2) 


In these approximate forms the 

formule can be applied to pro- ui 
duce direct design formule that 
will eliminate the necessity for 
reference to curves which do not 
have any direct relation to the 
electrical quantities specified. The inductance with 
ee. at such maximum value can be written in the 
orm 


L = F[T’A:/LiJ[{IT/Li]-# 
= F[T*s]-* AiLi-*] 
Assuming that the inductance and D.c. magnetiz- 


Lt Aw 
Fig. 3. 


Use of Chart I for the oe of constants 
1 an 


ing current are fixed by specification, and a specific 
irén core has been chosen, so that A: and Li are also 
fixed, the turns can be expressed in terms of the 
other quantities by a formula of the form, 

T = F[L?PA:-?Li?] 

The usual choke specification calls for a certain 
inductance at a_ specified D.c. 
magnetizing current, with a 
maximum D.c. resistance. The 
winding specified by (4) will 
have a resistance proportional to 
the square of the number of 
turns, directly proportional to the 
length of mean turn, and in- 
versely proportional to the wind- 
ing cross-section and_ space 
factor. So the resistance of the 
inductance coil can be expressed, 
R = F[L?*PAs- *tLit] x [Lm Aw-"] 

Collecting together the terms 
consisting of core size and wind- 
ing arrangement constants, this becomes 
LitLmt 
ve Ai‘: Aw 


The factors depending upon the core size and 
I 


Ki 


winding arrangement can be reduced to a constant 
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for that particular frame size, so that with reference 
to a particular frame size, 


36S i) Gee ne nara (5a) 
Equation (4) can also be rewritten as 
ved. (Of | SSRMRUNE peat yg ae see rar re (4a) 


where K: and K: are both constants associated with 
a particular core size and method of winding, etc. 

Likewise, Equation (2) can be rearranged into the 
form 


Le = Kx(IT)°L:"" 


where K; is an empirical constant for the core 
material. 


Use of Charts 


Chart I is used to obtain values of K: and K: for 
various core sizes and winding arrangements set out 
in Figs. 8-11. It is a good plan to tabulate values 
of K: and K: for different standard core sizes, 
methods of winding, etc., after the manner shown 
in Table 3. This not only saves repeated use of 
Chart I, but also gives a direct indication of the 
relative “‘goodness’’ factor of different designs, the 
lower values of K: corresponding to the better 
designs. Sometimes other considerations will limit 
the choice to one particular design of a number 
whose K: values fall below the value dictated by the 
electrical specification. 

Chart II will enable an appropriate core size to 
be chosen directly from the table, to conform to the 
desired electrical specification. Given values of L, I 
and R, a value of K: is obtained. A core size and 
arrangement that gives a value of Ki not greater 
than this can then be chosen from the table compiled 
by means of Chart I. 

Chart III gives the required number of turns, from 
the given values of L and I, and the value of K: 
obtained from Chart I, or the table compiled from it. 

Chart IV, from the known number of turns and 
values of I and Li gives the requisite air gap length. 
The value obtained is the total magnetic circuit air 
gap length. For most designs employing the usual 
E and I or T and U shaped laminations, the mag- 
netic circuit will include two gaps of equal length, 
so that the length of each gap will be half that given 
by the chart. The spacing washer used to maintain 
the gap will not necessarily be determined accurately 
by the figure obtained from this chart, as it cannot 
take into consideration the irregular effect produced 
by the lamination edges due to stamping, in the case 
of small gaps, or the effect of fringing in the case 
of large gaps. 

The vertical reference lines on Chart IV represent 
ampere turns, while the horizontal ones in the top 
section represent values of Li. By arranging that 
one boundary of this section of the chart consists of 
values of IT and Li having a ratio of IT/L: = 3, 
interpolation of air gap values below the range at 
which the formule are applicable is prevented. This 
boundary is the sloping line at the top left-hand 
corner of the chart. Should a design lead to an inter- 
polation of this chart which lies beyond this line, the 
designer will know that the pD.c. magnetization is 
below the range for which the charts are applicable, 
and that therefore some other method must be 
employed. Completion of the design using these 
charts in such a case would lead to an impossibly 
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optimistic prediction, because the assumed value of 
pn» would be above its true value. 

The method of using the charts will be clear from 
a study of Figs. 3-6. The following notes and 
examples will serve as a check, and at the same time 
introduce certain practical aspects. For illustration, 
a series of core sizes have been chosen using the 
‘* wastefree ’’ shape of lamination. It should not be 
inferred from this that these are always the best 
shape to use for iron cored inductances carrying D.C., 
but the comparison will show how different stacks of 
various lamination sizes yield similar K: factors. 

Fig. 7 shows the outline of a wastefree type pair of 
laminations to scale. ‘able 2 lists the values of Li, 
Ai, Lmt and Aw obtained from the formule given in 
Table 1, for the winding arrangements shown in Figs. 
8 and 9, for a succession of wastefree sizes. Aw is 
calculated on the basis of the bobbin thickness shown 
in the second column, while Aw’ makes allowance for 
a clearance at the top of the winding equal to the 
bobbin thickness. For those more conversant with 
lamination numbers, the following information is 
given: 




















| Magnetic Numbers 
and — cams WEEE = 
Lamination | Electrical | British 
Size Alloys | Sankeys | G. L. Scott Rola 
i” 18 — | a | 1 
#” 7 | 74 | — 2 
?" | 350r135 | 70 | 1200r 154 mr 
me 2 | Hit 43 | 4 
1}” 78 | — | 174 | 6 
1%” 120 | — | 173 | 8 
Res. 
Fig. 4. 
Use of Chart Il for choice of suitable core 
size 


Table 3 is tabulated by means of Chart I, using the 
values of Li, Ai, Lmt and Aw tabulated in Table 2, 
for the arrangement of Fig. 8. The values of Ki and 
kK: for any other arrangement can be tabulated in a 
similar way, if desired. The values listed under KY 
are obtained by using the value given under the head- 
ing Aw’ in Table 2. For example, take the first size 
listed: interception between Li = 3.4 and A: = 0.82 
gives K: as 8.8 in the centre space of the chart; refer- 
ring up the sloping lines from the left-hand edge of 
the right-hand section from K: = 3.8 (at a position 
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corresponding to K: = 1150 on the sloping scale) to 
intersect with Lu = 38.4 finds a position among the 
horizontal lines corresponding to K: = 6.9; referring 
along to intersect with Aw = 0.195 or 0.17 gives 
K: = 190 or 220 respectively. The other values in 
the 3rd, 4th and 5th columns of Table 3 are simi- 
larly obtained. 

The values of K: thus obtained assume that copper 
conductor fills the specified winding space with a 
space factor of 100 per cent. In practice round 
copper wire is generally used, giving a space factor of 
78.5 per cent, neglecting insulation. Enamel covered 
wire, random wound, can give space factor ranging 
between 60 per cent and 75 per cent, according to the 
wire gauge used, and the quality of winding. If 
layer insulation is included, the space factor will be 
still further reduced, while provision of a clearance 
space between the top of the winding and core will 
result in further loss of space and increase in the 
value of K: to be used for a given core size. The 
working values of K: given in Table 3 are obtained 
by dividing the value of Ki by the space factor at 
the head of the column. 

Turning to the use of Charts II, III and IV, the 


following examples will serve as a check: 


Example | 


Specification: 50 henry, 10 mA, 1,000 ohms. 
Reference to Chart II shows that the maximum value 
of K: will be 300; assuming that a space factor of 
75 per cent can be achieved, a 9/16 in. stack of 9/16 
in. wastefree will produce a K: of 295; Kz for this size 
is 3.8; referring to Chart III, the turns required are 
found to be about 7,200; using this value on Chart 
IV shows the total air gap required to be about 0.004 
in., which means that two gaps in series, each 0.002 
in. could be used, utilizing the usual E and I or T 
and U laminations. 


Example 2 


Specification: 20 henry, 100 mA, 100 ohms. 
From Chart II, the maximum value of K: is found to 
be 18; assume that here an H.T. insulation require- 
ment reduces the workable space factor to 50 per cent 
on the larger sizes, then either a 2} in. stack of 1} in. 
wastefree, or a 1} in. stack of 1} in. laminations will 
produce the required design; if it is desired to mini- 
mize A.c, flux in the core, the former will give the 
best results because it employs an iron cross section 
of 34 square inches, as against 2} for the latter; 
applying Chart III, the turns required are about 
2,650; using this value with Chart IV gives a total air 
gap length as about 0.018 in., or two gaps of 
0.0065 in. The alternative size requires about 3,200 
turns, and an air gap of 0.016 in. (2 x 0.008 in.). 
This results in a design that will work at a slightly 
lower pD.c. flux, but a rather higher a.c. flux, in the 
same circuit. 


Example 3 


Specification: 2.5 henry, 10 mA, 5 ohms. 
(These values are unusual, but serve to show how 
use of the charts avoids a false prediction). 
Reference to Chart II shows a K: of about 125 is re- 
quired; allowing a 60 per cent space factor a ? in. 
square cross section could be used, with a K: of 2.6; 
reference to Chart III gives turns required as 510. 
The intersection of the 510 turns with 10 mA, when 
referred up the vertical reference lines of Chart IV 


Electronic Engineering 


December, 1950 


to intersect with Li = 4.5 in. indicates a point be- 
yond the sloping boundary at the top left-hand 
corner of the chart, indicating that the design 
figures obtained represent a D.C. magnetization be- 
low that at which this method is applicable. Other 
methods will have to be employed according to the 
exact nature of the problem. 

For the values of p.c. magnetization lying with- 
in the range covered by these charts, there is little 
difference between the results obtained with various 
core materials, so that, on economic considerations, 
ordinary transformer iron will normally be used. 
Some applications may arise where the core losses 
due to A.c. magnetization are of importance in the 
design, in which case, as in example 8 above, other 
methods must be applied. 

In the design of directly coupled intervalve trans- 
formers, the method to be followed will depend 
largely upon the anode current and impedance of 
the preceding stage. For high impedance, low cur- 
rent valves, parallel feed coupling is preferred. 


- 





Turns 


Fig. 5. 


Use of Chart Ill for determining the number 
of turns required 


For lower impedance, high current valves, the 
design charts in this series can be used, follow- 
ing the procedure outlined above to obtain 
the necessary primary inductance. The. wind- 
ing area allowed must take into account the necessity 
for a secondary winding. Generally, the heating 
effect of the p.c. in the primary will not be impor- 
tant, and provided that adequate primary induc- 
tance at the operating current is obtained, the trans- 
former should be designed for optimum transfer 
efficiency, which means that primary and secondary 
should occupy approximately equal space in the 
winding. Sometimes it may be advantageous to 
allow slightly more space for the secondary, to make 
room for the necessarily high number of turns, to 
obtain a high step-up combined with suitable 
primary inductance. On the other hand, it may be 
desirable to give more space to the primary so as to 
reduce the primary resistance, where it is necessary 
to utilize all the available H.T. supply voltage. 
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TOTAL CIRCUIT LENGTH OF AIR GAP 
THOUSANDS OF AN INCH 
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CHART IV 


To find the requisite air gap, from the number of turns and values of |! and L, 


Factors Controlling Core Shape 


A variety of shapes may provide the required 
electrical values in a component of approximately 
the same bulk, and factors other than those specified 
in these design charts usually 
decide which is the best shape for 
a specific purpose. 

The wastefree shapes are well 
suited where provision has to 
be made for a large operating 
a.c. potential, and as stated in 
example 2, a large stack of a 
smaller size is better from this 
viewpoint than a square section 
of a larger size. 

If an important factor in design 
is heat dissipation, the shape 
chosen will depend upon the way 
the heat is to be carried away. 
Where ventilation is good, and 
convection is the principal means of disposing of 
heat, a design should be chosen with a large propor- 
tion of copper and less iron. A solid square section 
of winding should be avoided, but in the larger sizes 
it may be practicable to include a ventilating duct. 


Turns 





Fig. 6. 
Use of Chart IV for determination of air gap 


Where conduction through the chassis is to be 
the chief means of heat disposal, a design 
having a large proportion of iron, and providing 
good thermal contact over a large area between 
windings and iron, should be 
chosen. Here the economy effec- 
ted by filling the winding space 
will be two-fold: by reducing the 
D.c. resistance to a minimum for 
the necessary number of turns, 
dissipation will be reduced; by 
making for’ better thermal 
contact between winding and 
core, the temperature gradient 
between them will be reduced for 
a given dissipation. 

For inductances used in audio- 
frequency circuits, it is usually 
important that self capacitance 
shall be kept within certain limits. 
A squarish section rather than a long narrow one 
such as the wastefree shape produces, will best serve 
this end, and sectionalizing of the winding can be 
used if necessary to reduce capacitance further, as 
explained in the data sheet on winding capacitance. 
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TABLE | Methods of arranging cores and windings 
Values of Core Constants for the Arrangements shown in 

9 Figures 8-11 
; Constant | Li | Ai Lmt Aw 
} Lj Figure 8 2 (a+b+c) cd | 2 (2b+¢+d) ef 
| Figure 9 2 (a+b+c) ed | | 4b +c+2d | ef 
INCHES 5 | | 
) _ } 7 

Figure 10 | 2 (a+b+2c) | cd | 2 (2b+¢+4d) ef 
} Figure 1! | 2 (a-+b+2c) a \ Seca | ef 
1 
5 
: Dimension 
Amps referred Fig. 7. 
je to in P i f tef; t i ina- 
tables 2 roportions o was efree type iam 
4 and 3 tions 
+4 CURRENT 
3. 
00 TABLE 2 
30 Values of Core Constants for Series of Stock Sizes 
0 Lam. |Bobbin | Fig. 8 Fig. 9 
40 Size | thick- | Li | Aw | Aw’ | Stack -| 
50 ness | | | | Lmt | Ai | mt | Ai 
20 in in. | in. | | | 
| | | f& | 34 | 0.32] 28 | 0.16 
10 mA fi Us. | 3.410.195] 0.17} # | 3.75; 0.42] 3.4 | 0.21 
8 | | | Ik | 4.5 | 0.64) 3.94) 0.32 
' | | | 4.13) 0.47| 3.44! 0.23 
4 m ‘op | 4.13] 0.3 | 0.27) | | 4.75| 0.69] 4.06; 0.34 Fis. 9 

3 | 1g | 5.5 | 0.94) 4.81} 0.47 ees 

2 F s 2 | 45 | 0.56| 3.75| 0.28 
FT tS 4.5 | 0.365} 0.33} 1 | 5.0 | 0.75] 4.25) 0.37 

| I} | 6.0 | 1.12| 5.25| 0.56 
' | 6.0 | 1.0] 5.0 | 0.5 

! J. | 60 | 064] O57) 1¢ °|-76 | 15 | 60 | O75 

2 8.0 | 2.0 | 7.0 | 1.0 

Fi 7.5 | 1.56| 6.25| 0.78 

Ft ts 7.5 | 0.98/0.875} 12 | 85 | 2.19 7.25 | 1.09 

| 23 | 10.0 | 3.12} 875} 1.56 

1b | 90 | 2.25] 7.5 | 11 
i} é 9.0 | 1.46) 1.33/ 2} | 105 | 3.37) 9.0 | 1.68 

3. |e. | 48". lies.| 235 

; to be 
design TABLE 3 
roviding Working Values of K, ant i for Stock Core Sizes listed in 
a 

between 

ould be { Working Values of K,, 
Space Factors 
any effec- Lam. | Stack K, K,’ K, -—-—__—-_ —--|-—_ -—- 

2 per per per per 
cing the in. in. cent cent cent cent 
- for & |190.0 |220.0 | 3.8 | 295.0 | 370.0 | 440.0 | 550.0 

turns, & % | 150.0 | 170.0 | 3.1 | 230.0 | 285.0 | 340.0 | 425.0 
ced; by Fi 90.0 | 103.0 | 2.3 | 140.0 | 175.0 | 210.0 | 260.0 

thermal ar 95.0 | 105.0 | 2.95 | 140.0 | 175.0 | 210.0 | 260.0 

ng and t I 66.0 | 73.0 | 2.55 | 98.0 | 125.0 | 145.0 | 185.0 
. 1k 41.0 | 45.0 | 1.75 | 60.0 | 75.0 | 90.0 | 115.0 
gradient pa 

Cc y 65.0 | 70.0 | 2.6 93.0 | 120.0 | 140.0 | 175.0 
uced for ? ! 54.0 | 59.0 | 2.1 79.0 | 98.0 | 120.0 | 140.0 

di 1} 32.5 | 35.0 | 1.55 | 47.0 | 58.0 | 70.0 | 88.0 
n audio- 
: ! 24.0 | 27.5 | 18 37.0 | 46.0 | 55.0 | 69.0 

usually ! 1} 14.0 | 16.0 | 1.33 | 21.5 | 27.0 | 32.0 | 40.0 
acitance 2 11.0 | 12.5 | 1.08 | 17.0 | 21.0 | 25.0 | 31.0 
n limits, | us | 130 | 1.37 | 175 | 220 | 260 | 325 
row one 13 78 8.8 1.08 ! ‘8 14.7 | 17.5 | 22.0 
iat meee [4 : 6. 0. 3 | 10.3 | 12.5 | 15.4 
ean be 3 5.7 62 | 1.08 e3 | 103:] 25 | 185 
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The Speed of Light... 


A®* experiment recently completed at _ the 
National Physical Laboratory has shown in- 
accuracy in the normally accepted figure for the speed 
of light. The difference is not great—only 11 miles 
per second. It is, however, far from being a matter 
solely of academic interest, for the speed of light is 
used for many of the fundamental calculations in 
atomic theory. The more accurate figure is of imme- 
diate practical value in radio and radar. 

The speed of light is, in Einstein’s theory of rela- 
tivity, the highest speed at which anything can 
travel. It is therefore an important physical con- 
stant and its measurement has provided a problem 
for scientists for many years. A great deal of time 
and money has been spent since Romer first obtained 
a value of 192,000 miles per second from astrono- 
mical observations -in 1676. The first direct 
experimental measurement was made by Fizeau in 
1849. A beam of light was focused on the rim of a 
toothed wheel and after passing through a tooth it 
travelled a distance of four miles and was reflected 
back to the wheel. If on its return the light fell 
upon one of the teeth it could no longer be seen from 
behind the wheel. The wheel was therefore speeded 
up until the light disappeared, and the time of travel 
was calculated from the rapidity with which the 
wheel was turning. In more recent times, in 1935, 
Michelson in the U.S.A, made a famous experiment 
in which a beam of light travelled in a metal tube 
a mile long; the tube could be evacuated in order 
to remove the small effect of the atmosphere on the 
speed. The final value he obtained was 186,271 miles 
per second. This figure was confirmed in other 
experiments and has been accepted ever since. 

When Dr. L. Essen of the National Physical 
Laboratory announced in 1947 that the figure should 
be 186,282 miles per second, the result was received 
with some scepticism; he has now confirmed the 
result, using more refined apparatus, and _ results 
recently obtained in Sweden and in the U.S.A. agree 
with this value to within one kilometre a second. 

Dr. Essen is in the Electricity Division of the 
N.P.L. where his work is concerned with the propa- 
gation of radio waves. Radio waves differ from light 
waves only in their wavelength, and it is generally 
assumed that they travel at the same speed. During 
the war, Dr. Essen was frequently asked what was 
the correct value of the speed of light and he began 
to suspect that, although they had been carried out 
on such an impressive scale, the experiments were 
perhaps not as accurate as was generally believed. 
He thought that the N.P.L. might do better by 
using radio waves, and started work on the problem 
as soon as possible after the war. 

The method is similar in principle to Michelson’s 
but, whereas he used a tube a mile long, Essen’s 
tube is only seven inches long. A radio wave was 
sent down this metal tube and reflected backwards 
and forwards between the two ends. When the time 
of travel between the ends equals the time interval 
between successive waves, they build up to produce 


Measured with Greater Accuracy 


an electrical resonance which can be detected with 
very high precision. 

In this experiment the time of travel is about one 
ten-thousand millionth of a second (1/10,000,000,000) 
or, in other words, the waves follow one another at 
a frequency of 10 thousand million per second, and 
it was necessary to measure this frequency with an 
accuracy better than one part in a million. This is 
just the kind of problem that Essen was working 
on during the war and the equipment that was built 
then was ideally suited to this velocity experiment. 
The construction of the tube called for very skilled 
workmanship and its dimensions had to be accurate 
to one hundred thousandth of an inch. The Metro- 
logy Workshop, where the tube was made, achieved 
a result ten times better than they would previously 
admit was possible, and the Gauge Section of the 
Metrology Division had to devise new techniques to 
give the required accuracy of measurement. 

The speed of light was not wanted accurately for 
any practical purpose until the advent of radar in 
World War II. In radar the distance to an object 
is calculated from the time taken by a pulse of radio 
waves to travel there and back, the speed of the 
waves being the same as that of light. The new 
figure will therefore enable radar to be used more 
accurately. This will be particularly valuable for 
aerial survey work where the shape of the ground 
is plotted by means of radar. 

The speed of light also is used in calculating a 
great number of physical constants. The most sig- 
nificant changes will probably be in astronomy, in 
atomic research, and in the field of radio. 





A New Type Radiation Pyrometer 


Az the new continuous strip aluminium mill at 
Rogerstone, British Electronic Products, Ltd., 
have made the first installation of a new type of 
low temperature radiation pyrometer, which was 
developed for Northern Aluminium Co., Ltd. This 
equipment enables the temperature of the aluminium 
strip to be measured at temperatures from 150° C. 
upwards without physical contact being made with 
the actual metal. 

Three units are installed on the hot rolling mill, 
these measuring the temperatures of the billets prior 
to rolling, the temperature of the rolled material 
at an intermediate stage, and the final temperature 
of the strip as it leaves the mill. 

The actual temperature readings are provided on 
indicating meters on the main control desks on each 
of the control cabins, together with a repeat indica- 
tion in the central control cabin for the whole line. 
In this manner, a complete check on material tem- 
perature throughout the process can be obtained. 

Previously, it was necessary to stop the line and 
utilize contact pyrometers in order to obtain 
measurements of the strip temperature. 
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Geometrical Solution of Some 
Transmission Line Problems 


By Q. C. GUPTA, M.A., and F. DUERDEN, B.Sc., A.M.1.E.E. 


T is unfortunate that the mathematical beauty of 

the Differential Equation approach to transmission 
line problems has led to the disuse of the method 
using vector diagrams. This presents a more satis- 
factory physical picture, requires much less mathe- 
matical knowledge, and often gives a more direct 
solution of the problems encountered in_ practical 
work on transmission lines. 

A voltage, amplitude V and phase angle 9, may be 


ee ie 


LEAD LAG 





Fig. I. 


represented vectorially as in Fig 1 (provided that 
only processes of addition and division, and not 
multiplication, are contemplated). It may be used, for 
example, in finding the sum of two voltages of 
different amplitude and phase, or in finding an 
impedance by dividing a voltage by a current (but 
not, as it stands, in power problems, where a more 
complete representation is necessary). 

This method of representation often leads to fairly 
easy geometrical constructions for the solution of 
common problems. Two examples of such construc- 
tions are given. 





Fig. 2. 


The Stub Matching of a Mismatched Line 


In the case of a transmission line having a load not 
equal to Z, the characteristic impedance of the line, 


the voltage distribution along the line will be as shown 
in Fig. 2, because a wave incident at the load will be 
partly reflected, and the reflected wave will in some 
places add to, and in others subtract from, the on- 
coming incident wave. It can be shown vectorially, 
or otherwise, that if Vmex/Vmin = § (the standing 
wave ratio), then the impedance at Vmax is resistive, 
and equal to SZ, and the impedance at Vmin is resis- 
tive, and equal to Z./S. Somewhere between the two 
must be a point where the impedance has a resistive 
component equal to Zo, but a reactive component will 
also be present. The problem of stub matching lies 
in first locating this point correctly, finding the mag- 
nitude of the reactance there, and cancelling it out 
by the equal and opposite reactance of a section of 
open or short-circuited transmission line, placed, 
usually, in parallel with the original line. The posi- 
tion of the matching point and length of stub needed 
are the two quantities required to be found in order 
to match the line correctly. Both quantities are 
given by a very simple geometrical construction. 


Geometrical Construction 


If the amplitude of the incident wave is Vi and of 
the reflected wave Vx, then Vmax = Vi + Ver and 
Vanin = Vi ~ Ve. 

S = Virax | Vin => (Vi + Vru)/ (Vi = Vx) 

Hence Vr/Vi = (S — 1)/(S + 1) 

Knowing the standing wave ratio, which is easily 
obtained from a measurement of Vmax and Vain, the 
ratio Vx / Vi may be found. 

Knowing this, draw a vector to represent Vi and a 
circle of radius equal to Vx on the same scale, centre 
at one end of the Vi vector. From the other end 
draw a tangent to the circle and complete the con- 
struction as in Fig. 3. 


Fig. 3. 


Then half angle AOB gives the distance of the 
matching point from Vmin. 

E.g.: If ZAOB = 60°, } ZAOB = 30°, and the re- 
quired distance is 30/360 = 1/12 wavelength from 


mine 


Notice that it is possible to draw two tangents from 
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A to the circle, giving two possible matching points 
at equal distances on each side of Vmin. The reac- 
tance at the one on the load side of Vmin is capacita- 
tive, requiring an inductive stub, and the reactance 
at the other matching point is inductive. 

The angle ZACB in Fig. 3 gives the required stub 
length at the point demanding an inductive stub. 

The angle ZBAC gives the stub length if matching 
is done at the point requiring a capacitative stub. 

E.g.: If CABC = 45°, the required stub is a short- 
circuited line 45/360 = } wavelength long, or if the 
other matching point is used and ZBAC = 45°, the 
required stub is a } wavelength open circuited (i.e., 
capacitative) stub. 

The above assumes that the stubs are made from 
the same type of transmission line as the main feeder. 
If it is desired to use a short-circuited line for the 
capacitative stub, a quarter wavelength must be 
added to the length given by the construction for this 
stub. 

Matching conditions for the inductive stub are 
shown in Fig. 4(a), and for the capacitative stub in 
Fig. 4(b). 
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Proof of Construction 

Vectors at a voltage minimum are shown in Fig. 5. 
Now V: = ZJi and Vr = Zr, by definition of Zo, 
and it can be shown that Vr/V: and Ix/I: are equal 
numerically, so that a common vector diagram for 


\ 


- 

















Fig. 6 


Fig. 5. 


voltages and currents can be drawn as in Fig. 6. 

If we move towards the load from the Vm point, 
V: and ZI: will turn in the lagging direction, since 
the incident wave is being considered at progressively 
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later instants in its career. The vectors will turn 
through 360° for every wavelength we move along 
the line, or through 9: = 306 1/ in moving a distance 
l along the line. The Vz and ZI, vectors will turn 
through an equal angle in the leading direction. 

The vector diagram for the point | towards the 
generator Vmin may be redrawn as in Fig. 7. 














Fig. 7. 


Angle ZCOA’ will equal 29, since Vi and Vr have 
each turned through 9 in opposite directions, so that 
if the diagram is drawn relative to Vi as in Fig. 7, 
Ve will have turned through 2° with respect to Vi. 

OD is the vector sum of V: and Vr and must there- 
fore represent the total voltage at the point l. 

OE is the vector sum of ZJi and ZJx and repre- 
sents Z. times the total current. 

BA is equal and parallel to OD, and therefore may 
also represent the total voltage. Similarly CA may 
be used to represent Zo times the total current. 

We therefore arrive at Fig. 8. 





If we now divide all the quantities in Fig. 8 by a 
numerical factor equal to VZ., V becomes 1/Zo, and 
ZI becomes I/V, the admittance at the point 1. AB 
is the direction of pure conductances, such as 1/Zo. 

Then CA represents the admittance at | in phase (as 
well as magnitude) since 2CAB is the phase angle 
between the total voltage and current. 

Then in the admittance diagram, Fig. 9, AX must 
represent the conductive and CX the susceptive part 





ar, 1950 


ill turn 
e along 
distance 
vill turn 
yn. 

rds_ the 


7p have 
so that 
nag: 7, 
; to Vi. 
t there- 


| repre- 


re may 
A may 


8 by a 
105 and 


} 7 / Zo. 
ase (as 
angle 


; must 
e part 





December, 1950 


of the admittance 1/Z represented by AC (CX is the 
perpendicular drawn from C on to AB produced). X 
will, in fact, also lie on the circle B since BC is a 
diameter. 

Now if the position of C is such that B and X coin- 
cide (i.e., AB is a tangent to the circle), AX, the con- 
ductive part of 1/Z must equal 1/Z, which is the 
condition for parallel matching. 





Fig. 10. 


If, therefore AB were drawn a tangent to the circle 
in the first place (Fig. 10) the vectors lie in the correct 
positions for the matching point, and in particular 
ZAOB equals 2° where 9 = 360 1/\ and I is the dis- 
tance from Vmin to the matching point. (Compare 
Fig. 7). 


Stub Length 


CB, perpendicular to AB, represents the suscep- 
tance 1/X on the line at the matching point. The 
stub susceptance must be numerically equal to this, 
but opposite in sign, if it is to produce a match. 


Now CB = AB cot ZACB 
i.e. 1/X = 1/Z cot ZACB 
xX = Zo tan ZACB 


But this is the expression for the reactance of a 

short circuited line of length 1 where 

360/\ = ZACB, 
and since ZACB is less than 90°, this short 
circuited line is inductive. ACB therefore gives 
the stub length required at the point where the 
impedance on the line is capacitative, i.e., the point 
nearer the load from Vmin. 

Similarly CB = AB tan ZBAC 

1/X = 1/Z tan ZBAC 
X = Z cot ZBAC 

which is the expression for the reactance of an open- 
circuited line length 1, where 360 1/4 = ZBAC, and 
characteristic impedance Z.. This stub reactance is 
capacitative (open circuited line less than 4/4 long), 
so that ZBAC gives the stub length if matching is to 
be carried out at the point where the line reactance 
is inductive, i.e., at the matching point on the side 
of Vmin away from the load. 

It will be seen that Fig. 3 will very rapidly give the 
position, and the length of the stub required for 
parallel matching. Since ZABC = 90° the angles 
may readily be calculated once the ratio Vr/ Vi has 
been found, and accurate drawing is therefore 
eliminated. 

The construction may equally be proved for series 
matching, when it is found that ZAOB is now 
measured from Vmax, that ZACB represents the capa- 
citative and ZBAC the inductive stub length. Fig. 11 
(a), (b), (c) and (d) shows the vector diagram with 
Ve in each of the four quadrants. In (a) and (d) 
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division by VZ gives the admittance diagram and 
parallel matching conditions; in (b) and (c), division 
by I gives the impedance diagram and series match- 
ing conditions. It will be seen that, since a tangent 
can only be drawn from A to the circle when 2° is 
less than 90°, series stub matching is only possible 
within +£A/8 of Vmax and parallel stub matching 
within A/8 of Vin. 


Example 

The measured standing wave ratio on a transmis- 
sion line working at 50 Mc/s. is 2: 1. Find the posi- 
tion and length of the inductive stub required to 
match the line. 

If Vinax | Vinin = 2:1] 
then Ve/ Vi = (2 — 1)/(2 + 1) 
/3 


The construction will be as in Fig. 3. 


cos ZAOB = 1/38 
ZAOB = 70.5° 
34 ZAOB = 35.25° 
Matching point is 35.25/360 of a wavelength from 
Vmin = .098A. At 50 Mc/s. \ = 6.66 metres 


.098 \ = 65.2 cm. , 
Match point is 65.2 cm. from Vmin (towards load if 
an inductive stub is to be used). 


The length of the inductive stub is given by ZACB: 
tan ZACB = AB/BC 


i se 1/3 
v2 

1.414 
54.75° 
54.75 4/360 
.152 > 
101.2 cm. 


Consideration of Fig. 11 shows that in (a) and (b) 
ZoI lags on V so that the line impedance is inductive; 
in (c) and (d) I leads and Z is capacitive. Hence the 
line impedance is inductive for 4/4 towards the 
generator from Vmin, capacitive for 4/4 from Vmax. 


oe | 


.°. ZACB 
Stub length 


Ho We 














Fig. 11. 


So far this paper has dealt with the approach to 
transmission line problems using vector diagrams. 
This method permits the solution of these problems 
by purely geometrical means, and does not require 
the use of more advanced mathematics likely to be 
outside the scope of the majority of men engaged 
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upon practical work involving the efficient use of 
aerials for radar, television, etc. The method has the 
further advantage of maintaining a close link through- 
out with those quantities which are actually measured 
experimentally. A few textbooks’** give the funda- 
mentals of the method. At the beginning of this 
article the vector method was used to obtain a 
geometrical construction, very simple in use, giving 
the position and length of a matching stub. 


Proof of Circle Diagram Calculator 


In this section it is proposed to develop the Circular 
Transmission Line Calculator, or Circle Diagram** by 
vector methods. 

In p. 526 the voltage and current vectors were used 
to produce the impedance and admittance diagrams 
of Fig. 11. The impedance diagram of Fig. 11(c) has 
been used as the basis of Fig. 12, with the following 


r 








Fig. 12. 


additional construction. A second circle, centre QO, 
with OA as radius, has been drawn. AA’ is a diameter 
of the circle and T’A’T the tangent at A’. AX pro- 
duced meets the circle again at D. 

It was previously shown that AC would represent 
the impedance at a point distance | towards the trans- 
mitter from a voltage maximum, in both magnitude 
and phase, if AB represents Z. the characteristic 
impedance of the line, i.e., AC/AB = Z/Z. in mag- 
nitude, and ZBAC = phase angle of Z. The position 
angle ZAOB = 2 x 306 1/) in degrees. 

In Fig. 12 it can be shown that CXDA’ is a rect- 
angle, as follows: 2XTA’ = ZXAA’, since XC is per- 
pendicular to AB and A’T is perpendicular to OA. 
But ZXAA’ = DA'T’, being the angle on chord DA’. 
Also triangles ABO and A’CO are congruent (since 
ZAOB = ZA‘OC, and AO =A’O, and BO = CO [radii 
of circles]). Therefore 2BAO = 2CA’O and XD is 
parallel to CA’, so that CXDA is a parallelogram. 
_, ZCXD is a right angle, hence CXDA’ is a rect- 
angle. 


Resistance Circles 


Now since XC and DA’ are parallel, EA’ / AA’=XD/ 
AD. Also XD=CA’=AB (from the rectangle CXDA’ 
and congruent triangles AOB + A’OC). 
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So that AD = AX + XD = AX + AB 
.‘. EA’/AA’ = AB/ (AX + AB) 
= Z/(R + Zo) since AX represents 

the resistive part of Z. 

EA’ _ Tea 

AA' R/Z +1 
If R/Z. is constant, EA’ is constant since AA’ is a 
fixed length. 

But 4ECA’ is a right angle. Therefore for all condi- 
tions of transmission lines for which R/ Zo is constant, 
C must lie on a circle having EA’ as diameter. That 
is, the locus of C for R/Z = constant is a circle 
passing through A’, diameter 1/(1 + R/Z.) where 
AA’ = 1, and with centre on AA’. This gives sufficient 
information to draw the circles for each value of 


R/Zo. 











Fig. 13. 


Fig. 13 shows one such circle, also the original circle 
centre O on which C lay. This original circle has 
radius OC, where OC/OA = Vx. /V:, the ratio of re- 
flected to incident voltage, or OC/OA = (1 — S)/ 
(1 + S) where S is the standing wave ratio defined 
as Vmin/ Vmax. Knowing the standing wave ratio on a 
given transmission line therefore, the circle, centre O, 
can be drawn. 

Movement a distance | along the transmission line 
towards the generator end is represented by a clock- 
wise movement through an angle ZA’‘OC = ZAOB = 
2.360 1/ from Vmax position round the circle of con- 
stant standing wave ratio, and in doing so, various 
circles of constant resistance will be intersected in turn. 
The value of resistance at a given point | can bé read 
off from the resistance circle intersected when ZAOB 
corresponds to the length I. 


Reactance Circles 


Similarly the reactance at any point on any trans- 
mission line may be found once the standing wave 
ratio is known by drawing a series of circles for which 
X/Z. is constant. The locus of C for constant 
X /Z. is found as follows, (see Fig. 12). 

In triangles DAA’, CTA’, angles ZDAA’, ZCTA’ are 
equal, and 4A’CT = ZA’DA, both being right angles. 
The triangles DAA’, CTA’ are therefore similar, and 

A’T/ AA’ = CA’/DA’ 
But CA’ = AB = Z 
and DA’ = CX = X the reactive part of Z. 
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Hence A’T / AA’ = Z/X 
= 1/(X/Z) 

T is therefore a fixed point if X/Z is fixed, and 
since ZA‘CT is a right angle, the locus of C for con- 
stant X/Z is a circle passing through A’ with its 
centre on the line through A’ perpendicular to AA’ 
and diameter (A’T) equal to 1/(X/Z). (AA’ is taken 
as unit length). 


> 
—" 
D 

> 








Fig. 14. 


One such circle is shown in Fig. 14, as well as the 
constant SWR circle to represent conditions on any 
particular transmission line. 


The Complete Calculator 


We now possess sufficient information for a com- 
plete transmission line calculator, since we can draw 
a set of constant R, constant X, and constant SWR 
circles; and moving around the constant SWR circle 
through the angle corresponding to the distance 
moved along the line (clockwise for movements to- 
wards generator, anti-clockwise towards load) enable 
us to read off the values of R/Z. and X/Z at that 
point, or to interpolate if falling between R or X 
circles. (Fig. 15). 








Fig. 15. 


The reactance circles, centres on A”T’ represent in- 
ductive reactances, those centred on A’T, capacita- 
tive, so long as the convention of clockwise rotation 
for movement towards the generator is used. 
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The direction OA represents a voltage minimum, 
since C originally was the tip of the Zo /Ix vector, and 
OA the Vi: vector, so that when OC lies along OA, Vr 
and V: exactly oppose each other—the Vmin condition. 
Similarly OA’ is the Vmax direction. 

The circle through A and A’ for which the radius = 
1, so that Ve/Vi=1, is the circle representing condi- 
tions on an open or short circuited line, useful in work 
with stubs. A, being the Vmin point, must represent 
conditions at a short circuit; A’ conditions at an open 
circuit. The point O (radius zero) represents condi- 
tions on a matched line, since § = 1 and Vr= O. 

The circle through O and A’ is of great importance 
in stub matching, since it is the resistance circle, dia- 
meter $.AA’ for which 1(1 + R/Z.) = 3; i.e., R/ Zo 
= 1, and all possible stub matching points for all lines 
must lie on this circle. 


Admittance Diagram 

Using the admittance diagram Fig. 11(a), precisely 
the same form of calculator will be cited, except 
that the circles will be circles of constant conductance 
(Zo/R) and susceptance (Zo /X), the diameters being 
1/(1 + Z/R) and 1/(Z/X), and the Vmin and Vmax 
directions being interchanged as compared with the 
impedance diagram. The half of the diagram which 
represented inductive reactances in the impedance dia- 
gram now represents capacitative susceptances and 
vice versa. 

This diagram is useful in case of parallel connexions 
to lines. The Z./R circle on OA’ as diameter repre- 
sents all possible line positions for parallel stub match- 
ing. Conditions on the stubs themselves are repre- 
sented by the circle on AA’ as diameter as before, 
except that A is now the open circuit (Vmax), A the 
short circuit (Vmin), point. 





ADMITTANCE DIAGRAM 33 


X/Zo Zo/R ZX 
Fig. 16. 


Fig. 16 illustrates the use of the diagram in stub 
matching. It will also be seen that the diagram 
evolved by no more advanced mathematics than fairly 
easy geometry is capable of solving any problem in- 
volving impedance on a transmission line. 
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Mechano-Electric Transducer 


CA-5784 is a triode transducer intended to 

provide a method of translating mechanical 
vibration into electrical current variations which can 
be observed and measured. It has a deflexion sensi- 
tivity of 40 volts per degree deflexion of the plate 
shaft. The part of the plate shaft within the valve 
has a minimum free cantilever resonance of 12,000 
cycles per second permitting, with suitable mechani- 
cal coupling to the external end of the plate shaft, 
measurements of vibration up to 12,000 cycles per 
second. The moving element of the 5784 is designed 
to have very low inertia. 

The 5734 weighs but a 1/16 of an ounce (1.75 
grams) has a length of only 1-9/82 in. and a diameter 
of 5/16 in. Its small size and light weight provide 
flexibility of installation. 

This versatile valve may be applied to:— 

Development of special gust recording anemo- 
meters to be used in a wind velocity survey. 

Oscillograph recording, through a diaphragm 
attached to the 5734 plate shaft of tank pressures 
set up during the short-circuit testing of circuit- 
breakers. 

A sensitive method of amplification in the measure- 
ment of the fine limits met with in optical processes. 

Biological applications for the development of a 
miniature head to measure directly arterial and 
venous blood pressures, and to record pulsations in 
the arteries. 

Neuro-surgery for the development of a miniature 
probe for comparison of mechanical movements of 
very small excursion and at frequencies within 
the audio range. In this application, the 
very small physical size of the 5784 is of the greatest 
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importance as the probe must be capable of easy 
manipulation by the surgeon, 

Research work in connexion with stress evaluation 
and vibration phenomena in the motor, aircraft and 
shipbuilding industries. 





As a preliminary aid in the surgical treatment of 
congenital heart disease, the 5734 is used in a de- 
velopmental anemometer to record pressures through 
a cardiac catheter in the interior of the human heart. 

Board of Trade authority has been granted for the 
importation of a small stock of these for the 
benefit of approved institutions. Colleges, medical 
schools and research organisations’ interested should 
apply for further particulars and price to RCA 
Photophone, Ltd., 36 Woodstock Grove, W.12. 


International Relaying of Television Programmes 


HE success of the recent outside broadcast 

transmission from Calais is likely to act as a 
stimulus to the relaying of television programmes 
from other countries. Such international broad- 
casting has also the advantage of spreading the cost 
of television productions, well known to be so great, 
over a large number of stations, and any arrange- 
ments it may be. possible to plan will, no doubt, 
be particularly well supported by those countries 
of lesser resources. 

The main difficulty that stands in the way of this 
scheme, apart from that of achieving common 
standards of transmission, is associated with the 
question of languages. It is scarcely possible, for 
instance, to apply the method known in the film 
industry as dubbing since this practice requires 
considerable rehearsal in order to synchronize the 
sound with the actions occurring in vision. 

It seems, therefore, necessary to attempt some 
simpler, if less adequate, practice, and it is possible 
that a satisfactory result may be achieved by resort- 
ing to the method, of captions. It would be possible, 
for instance, for a play produced in a London studio 
to be transmitted to relay stations, say in Paris, 
Amsterdam and Copenhagen, and for suitable cap- 
tions in the respective languages to be superimposed 


on the relayed vision signals at the relay stations to 
fit in with a pre-arranged programme. The timing 
of the respective captions could be effected from 
the London station by means of timing signals 
radiated from that station. They could be sent 
along with the standard waveform by various 
methods, for instance, by, width modulation of the 
line or frame synchronizing pulses, or by signals 
transmitted over a separate channel such as the 
channel normally occupied by the sound programme. 
The captions set up at the relay stations could be 
produced by means of a caption scanner which 
might conveniently be of the flying spot type, and 
the captions could be either in the form of film or 
of slides. The caption scanner would then, of 
course, be synchronized with the incoming standard 
waveform from London, and the locally generated 
caption signal would be mixed with the vision pro- 
gramme signal before being radiated by the relay 
station. By using timing signals, the various cap- 
tions are changed automatically and no programme 
personnel are required at the relay stations. 

The scheme is applicable to the recording of tele- 
films so that a number of telefilms with captions in 
different languages can be produced in one recording 
session. —Communication from E.M.I., Ltd. 
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LETTERS TO THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Frequency Generation 
and Measurement 


Deak Sir,—In the opening 
paragraph of Mr. Finden’s article 
‘Frequency Generation and 
Measurement ”’ in the June issue, 
is the author implying that the 
“Frequency Standard” con- 
trolling the frequency synthesizer 
is better than 1 in 10° stability? 

In the Marconi TME2 Fre- 
quency Measuring Equipment, 
a 5 Mc/s. ‘‘ frequency standard ”’ 
is used which usually: performs 
well enough to be maintained 
within about 1 in 10° by daily 
reference to standard-frequency 
transmissions, averaging the 
results over about 10 days. Such 
averaging is necessary because 
even the Royal Observatory Mag- 
netic Station at Abinger cannot 
be sure of their frequency until 
later to better than about 1 in 
10°, in spite of precise compari- 
sons between a large number of 
oscillators (not merely three). 

The Marconi Equipment em- 
ploys the synthesis principle to 
combine 1 Mc/s. harmonics (up 
to 80 Mc/s.) with a smoothly 
variable 1 to 2 Mc/s. oscillator 
with 20,000 locking points at 
100 c/s. intervals, the lock signal 
being switched manually when 
the decade controls of the oscil- 
lator have been set. The inter- 
polation between these intervals 
is accomplished by means of a 
10-interval synchronous photo- 
tone-generator and a 10 numeral 
stroboscope. This is superior to 
the method described by Mr. 
Finden, in which a calibrated 
500 to 1,500 c/s. L.F, oscillator 
is used. In the stroboscopic 
method any degree of accuracy 
may be achieved by timing the 
transits of the 1 c/s. figures 
across an index line. The whole 
of the measurement on the TME2 
is carried out on directly calibra- 
ted decade dials and is very 
quick and simple. 

An interesting series of daily 
measurements made over a period 
of six weeks will illustrate the 
kind of accuracy which may be 
achieved. A Marconi oscillator 
in Rome drove a chain of 
frequency-dividers producing a 





tone of 1 kc/s. This tone was 
transmitted to Florence, where 
another oscillator of the same 
type was used to drive a broad- 
cast transmitter at 610 ke/s. 
The transmitter was adjusted, 
daily, so that its frequency was 
precisely equal to the 610th 
harmonic of the tone. The 
carrier frequency was measured 
at Chelmsford by means of a 
TME2 equipment which was 
checked against signals from 
station G.M.T. at Abinger. 

All of this long chain of 
measurement resulted in a plot 
of the crystal in Rome which 
never deviated by more than 
+1 in 10° from a straight line 
with a slope of +2.5 in 10° per 
month, this being the rate of 
the Rome crystal. 


Your faithfully, 


W. S. Morttey, A.M.I.E.E., 
Marconi’s Wireless Telegraph 
Co., Ltd. 

Chelmsford, 


Essex. 


Mr. Finden replies : 

Simr,—It is implied 
that the method of = gener- 
ating described justifies the 
use of the highest accuracy fre- 
quency standards which are 
available. I am interested to see 
that Mr. Mortley confirms the 
target of 1 in 10°. The frequency 
synthesizer is essentially a source, 
and the example described gives 
10,000 frequencies at 1 ke/s. 
intervals individually to an ac- 
curacy controlled by a single 
crystal frequency standard, 
whereas the TME2 equipment 
mentioned is a measurement 
device. 

A 500-1,500 c/s. L.F. oscillator 
was adopted for ease of measure- 
ment. Where greater accuracy 
is required, the frequency is 
counted in a scale of ten counter 
when it is possible to determine 
this frequency to 0.001 c/s. in 
1 second. We have found the 
stroboscope method distressing 
to use over long periods. 

It is suggested that the great 
advantage of the _ synthesis 
method adopted is the ability to 
generate a frequency spectrum 
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without gaps over a very wide 
ratio. 

Further developments _ since 
this paper was written show that 
the scheme can be extended to 
100 Mc/s., thus providing 100,000 
frequencies with no gaps in the 
spectrum 1 ke/s. to 100 Me/s. 

Yours faithfully, 
H. J. FINDEN, 
Woodford Wells, 
Essex. 


Radiation ? 


Dear Si1r,—Attention should, I 
think, be drawn to the error in 
common practice of referring to 
interference close to its source as 

‘* radiation.’ While it is, of 
course, true that radiation exists 
there, in most of the cases in 
question it is of negligible prac- 
tical importance. Within a 
radius of 4/27 from the source, 
interference is due predominantly 
to the induction fields—magnetic 
and electric. 

The interference issuing from 
television receivers, for example, 
is worst on the long waveband. 
At 200 ke/s., 4/27 is about 260 
yards, and interference outside 
that range is normally quite 
negligible. Although the range 
of induction-field predominance is 
less at higher frequencies, so 
also is the effective range of the 
interference; and for all practical 
purposes it is incorrect to talk 
of radiated interference from this 
source. It is different with inter- 
ference to television receivers 
from ignition systems, in which 
radiation is only too effective. 

The distinction is not merely 
academic, because while in radia- 
tion the electric and magnetic 
fields are necessarily equal, in- 
duction fields can be of either 
kind in any proportion, and 
methods effective against the 
electric field may not reduce the 
magnetic field to any useful 
degree. Interference from tele- 
vision receivers to portable sets 
with frame aerials will then 
‘remain. 

Yours faithfully, 
. G. ScRoGGIE. 
Bromley, 
Kent. 
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Threshold Signals M.I.T. 24 


By J. L. Lawson & G. E. Uhlenheck. 
Volume 24 of the Radiation Laboratory 


Series. 388 pp. Ist Edition. McGraw 
Hill Book Co., New York, 1950. Price 
42s. 6d. 


HE study of noise in electrical 

and radio systems has pro- 
on greatly in the last decade, 
largely due to the war-time impetus 
provided by the need to detect 
weaker and_ still weaker radar 
echoes in presence of interference 
which may be internal or external 
to the equipment, The analytical 
techniques in this field have 
advanced considerably although to 
a large extent they have sprung 
from the application of established 
results in probability theory to the 
problems arising in radio reception. 
Apart from the notable work by 
Kurt Friinz in Germany the major 
contributions have been made by 
American and British workers. The 
present volume presents a connected 
amount of the work at the Radia- 
tion Laboratory on the discrimina- 
tion of signals in the presence of 
noise—with particular emphasis on 
pulsed signals, visually displayed in 
the presence of random noise. Little 
of the material in this book has been 
published before although much of it 
had a restricted war-time circula- 
tion in the form of confidential 
reports. It is of interest to recall 
that one of the editors, G. E. 
Uhlenbeck, had already laid some 
of the theoretical foundation stones 
20 years before in his published 
work on the Brownian notion and on 
the general methods of analysis of 
such stochastic problems. 

The first five chapters are intro- 
ductory and give a general account 
of signal modulation systems, the 
statistical properties of random 
noise, and the physical origin of 
noise in circuits and valves and their 
contributions to the noise output of 
a receiver. Chapter 6 deals with 
external noise which may take the 
form of either “ clutter ”’ (i.e., un- 
desirable echoes from more or less 
randomly distributed scatterers) or 
** interference ’’ whose characteris- 
tics may range from those of the 
transmitted pulse to those of ran- 
dom noise, 

The following chapters are con- 
cerned with the detection of signals 
in noise and the factors deter- 
mining the threshold condition. 
These factors are a combination of 
objective factors such as the system 
parameters and subiective factors 
which are determined bv the 
observer. Both a-scope and P.P.I. 
displays are considered and are 
illustrated well by photographs. 
Expedients for reducing clutter and 
interference, €.g., instantaneous 
A.G.c. and time-varied gain, are 
discussed and practical circuits 
given. Chapter 10 is concerned with 
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modulated pulse trains and_ the 


‘* boxcar generator ”’ which is used 
to extract the desired audio fre- 
quency components from the video 
frequency pulses. 

The last chapter is concerned 
with the threshold properties of 
continuous wave systems (A.M. and 
F.M.) in the presence of random 
noise. 

There are a few errors which have 
escaped proof reading but they 


should not prove troublesome. 
Omissions in both the theoretical 
and experimental sections arise 


from the admittedly almost com- 
plete concentration on work carried 
out at the Radiation Laboratory. 


The volume can be highly recom- 
mended both to the newcomer and 
to the specialist, and the references 
to published work are _ just 
adequate to compensate for the 
condensed presentation, which con- 
veys a considerable amount of in- 
formation in the space available. 


R. E. Burgess. 


Phenomena, Atoms and 
Molecules 


By Irving Langmuir. 436 pp., 28 figures. 
Philosophical Library Inc., 1950. Price 
1 dollar. 


HIS book is a collection of some 

20 papers representing about 
one-tenth of the author’s well known 
contributions to modern science. 
His wide range of interests and his 
remarkable ability are reflected in 
its pages. The first three chapters 
consider the social implications of 
science such as scientific legislation, 
use of atomic energy and the doubt- 
ful position of science as the basis 
for running human affairs. The 
author makes some interesting 
observations on the status of Soviet 
science and scientists, these being 
gleaned from his own experience. 


In the rest of the book we find 
the author’s own special field of 
science beginning with chapter IV 
on surface chemistry. This is fol- 
lowed by a discussion of surface 
tension and _ liquid _ structure. 
Chapter seven reaches the _ real 
heart of the book and tells of the 
discovery of atomic hydrogen pro- 
duced by molecular dissociation on 
tungsten surfaces. The story is 
continued in chapter eight, with an 
extensive theoretical discussion in 
chapter nine. The author remarks 
that ‘“‘ discoveries cannot be 
planned or foreseen.”? It is not 
strange therefore that pure research 
on the effects of different gases on 
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REVIEWS 


tungsten filaments should lead, not 
only to the modern gas-filled lamp, 
but to the development of atomic 
hydrogen are welding, Later chap- 
ters provide discussions of topics 
such as the nature of inter-atomic 
forces, condensation on and evapora- 
tion from surfaces, a note on meta- 
stable states in neon gas and a final 
chapter on types of valence, taken 
from early papers published in 
1920-21. Detailed reference and 
subject indices are given. 

The reader should remember that 
this is not a text book but a collec- 
tion of scientific memoirs which 
give valuable glimpses into the 
activities of one of America’s lead- 
ing men of science over a period of 
forty years. It is a book worthy 
of a better printing and paper and 
of a more careful correction. One 
or two equations and one diagram 
appear inverted in the text. 


G. E. J. GaRuick. 


Recent Advances in Radio 
Receivers 


By L. A. Moxon (Modern Radio Series). 


ix plus 183 pp. Cambridge University 
Press, 1949. Price 18s. 
INCE 1938 considerable _pro- 


gress has been made in radio 
receiver technique to meet some 
exacting specifications of radio 
receiver design. The book deals 
with the advance made in reducing 
the internal noise level of a receiver 
to as low a value as possible, and 
the advance made in obtaining a 
faithful response of a receiver to 
impulses of very short duration. In 
a further section, the general ten- 
dencies in the design of broadcast- 
ing, television, and communication 
receivers are reviewed and new 
kinds of receivers and associated 
circuit techniques are described. 

The subject is divided into the 
following chapters, viz.: (1) Con- 
cept of noise factor, (2) Theory and 
practice of amplifier design for 
minimum noise factor, (3) Noise 
factor of mixers, (4) Measurements 
of noise factor, (5) Intermediate- 
frequency amolifiers, (6) Trends in 
practical receiver design, (7) Some 
new kinds of receiver, (8) Some new 
circuit tricks. The Appendix con- 
tains design formulae for inter- 
mediate-frequency amplifiers. 

The subject is presented in a 
pleasant style, and the story is 
coherently told, in logical sequence, 
from a rich store of practical know- 
ledge and _ first-hand research 
experience. Emphasis is placed on 
deseribing basic physical concepts 
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rather than discussing solutions of 
specific problems. 

This is an important book, excel- 
lently printed, for advanced stu- 
dents and research workers, and 
for designers and users of receiving 
circuits in the short-wave ranges, 
including radar and television, who 
wish to bring their knowledge up- 
to-date, 

R. FEernserc. 


Luminescence of Solids 


By H. W. Levernz. 569 pp., 140 figures. 
John Wiley & Sons, Inc. and Chapman & 
Hall, Ltd., 1950. Price 96s. 


tT impressive book begins with 
sections on atomic and molecular 
theory, and on _ crystallography, 
which provide the basis for inter- 
pretation of phosphor constitution 
and behaviour. The synthesis of 
some typical inorganic phospors is 
briefly described. Half the book is 
then devoted to a most informative 
discussion of the diverse phenomena 
of excitation and emission. Finally 
practical applications are considered, 
and there are appendices, an im- 
mense bibliography, good indices, 
and a remarkable (unbound) 
periodic table. The author has long 
been associated with the c.R.T. 
industry, and this aspect of lumin- 
escence predominates; hence the 
space given to the fluorescent lamp 
is disappointingly brief, and one 
could also wish for longer sections 
on topics of current interest like 


infra-red stimulation, _ sensitized 
fluorescence, and emission band 
structure. 


There is much use of fashionable 
theory in this book, often treated 
critically (e.g., energy level dia- 
grams). Many will disagree with 
the author’s views on the discrimi- 
nation of fluorescence from phos- 
phorescence, and perhaps doubt the 
value of his system of phosphor 
notation. A more serious criticism 
concerns his statement that ‘‘history 
is generally omitted.” Pioneer 
European work is indeed ignored in 
some cases, for example on the cad- 
mium borate and magnesium and 
zine fluoride phosphors, and on 
cascade screens. Again, zine beryl- 
lium silicate was discovered in 
Germany and England at least as 
early as in U.S.A. The references 
quoted imply, however, that these 
subjects were all of American 
origin. Naturally American refer- 
ences predominate, but some com- 
ment on this point is justified since 
the book claims to “furnish a 
critical guide to the general litera- 
ture.” 

The English reader may be 
amused by some phrases (‘‘ some 
descriptions . . . may incorporate 
verity ’’), and be irritated by fabri- 
cated words (amorphicity, bitwise, 
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CATHODE RAY TUBE TRACES 
by H. MOSS, Ph.D. 
Price 10s. 6d. Postage 6d. 
This Monograph is based on a series of articles 
published in Electronic Engineering and con- 
tains the elementary theory of common 
types, with notes on their production. 
“This book has considerable general 
educational interest,’’—Electrical Review. 
‘*The photographs of c.r.-tube traces are 
excellent and in both their quality and their 
number they form an outstanding feature of 
the book.’’—Wireless Engineer. 


Af®HOME-BUILT TELEVISOR 

For Sutton Coldfield Reception 
by W. I. FLACK 
Price 4s. 6d. Postage 3d 
This booklet fully describes the design and 
construction of a high quality receiver for the 
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mission. 
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BOOK REVIEWS (Continued) 


to tenebresce, radiescence), but on 
the whole the style is lively and 
readable, and no worker in this 
field can fail to profit from what 
Leverenz calls ‘‘ the present small 
volume ”’ (of 579 pp.). He hints at 
a much larger book on the art of 
making phosphors: this will be 
received with as much pleasure as 
the present work, though probably 
no-one in this country will be able 
to afford to buy it. 


S. T. Henperson. 


Radio Servicing, Theory and 
Practice 


By Abraham Marcus. 775 pp. Allen & 
Unwin, Ltd., 1950. Price 35s. 


MONG the spate of books 

arriving here from the other 
side of the Atlantic, it is a pleasure 
to welcome a volume as useful and 
carefully written as this one. Its 
strength lies in the fact that the 
author is quite certain of the pur- 
pose of his book—it is ‘‘ to teach the 
theory of the radio receiver, and 
how to service it.’”’ It is directed to 
readers who are not beginners in 
radio, not yet advanced enough to 
study the subject on an engineering 
level. 


The first three chapters deal 
briskly with the fundamental theory, 
the components and parts and the 
valves used in ae radio equip- 
ment. Physical descriptions are 
preferred to the briefer but some- 
times more obscure mathematical 
explanations. A comprehensive col- 
lection of photographs of radio 
components would be improved if 
some idea of dimensions had heen 
given. 


The next six chapters discuss the 
various uses to which valves are 
put. Naturally enough all examples 
use American type valves, but this, 
once noted, should cause little con- 
cern. Each chapter concludes with 
service notes on faults located in 
the appropriate stage, and with a 
group of test questions. The final 
chapter of this group deals with 
** special tubes used in radio ’— 
glow tube, thyratron, magic eye. 
cathode ray tube, phototube and 
ballast tube. 


Chapter 10 deals with various 
control circuits—volume, tone A.v.c., 
selectivity, a.F.c.—thus clearing the 
ground for a synthesizing chapter 
on the complete receiver, including a 
description of F.M. receivers. Power 
supplies occupy a further chapter, 
completing the general radio theory. 
Chapter 13 is a useful discussion of 
instruments used for servicing, and 
is particularly good, laying down 


a logical procedure for the service 
man which should, if adopted, go 
far to remove the too frequent hit- 
and-miss technique used by so many 
engineers engaged in_ servicing. 
Mr. Marcus has done an excellent 
job in writing this book, and his 
publishers have vrinted and bound 
the volume worthily. 


K. G. Lockyer. 


Applied Acoustics 


Traité de Prise de son. Par José Bernhart 
(Chef du service de la Prise de son a la 
Radiodiffusion— Francaise). 382. pp. 
Eyrolles, 1949. Price 2,950 francs. 


ROADCASTING _ unfortunately 

imposes an aptificial link be- 
tween the artist and the audience. 
Imperfect studio acoustics and 
sound collecting systems limit and 
constrain interpretation, yet few 
producers or presentation assistants 
are aware of these limitations and 
still less are able to exvloit them to 
advantage. Information of prime 
importance to both has been col- 
lected from many sources and is 
presented in this book, mainly in 
the form of graphs and diagrams, 
rather than mathematically, but 
always with a view to wedding 
technique to art. 


The evolution of the studio is 
traced, and the classical acoustic 
theories developed, including the 
more modern concepts of the impor- 
tance of first order reflexions. The in- 
fluence of corrugated walls and break 
up surfaces on the apparent rever- 
beration time is discussed and illus- 
trated by examples of studios in 
hoth France and Britain, including 
live and dead end types. Later 
sections deal with polar diagrams of 
microphones and also the more 
common orchestral instruments. 
No one who has attempted to repro- 
duce good string tone from violin 
or harp need be reminded of the 
importance of the latter. 


The position of the microphone in 
relation to the solo instrument, 
small ensemble, and large orchestra 
is considered, and although there 
will always be differences of opinion 
on “close” and ‘“ distant tech- 
niques,” the principles upon which 
balance is founded are clearly 
enunciated. Figure 24 page 135. 
however, suggests that the image of 
the speaker in the top of a normal 
type table may be eliminated by 
suitable nositioning of the micro- 
phone. Such an arrangement in the 
absence of good studio acoustics, 
often results in loss of diction. The 
open mesh table top is preferable. 
Problems in drama, in mixing and in 
the control of the dynamic range 
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are all examined and finally the 
author outlines for those concerned, 
a suitable course on score reading 
and critical listening. 


There is no doubt that this book 
is the outcome of long and varied 
experience. No text in English 
provides a comparable service to 
those important technicians who act 
as liaison between the artist and the 
engineer. I would recommend it 
not only to them and their fellow 
broadcasting and recording engi- 
neers, but also to all who are directly 
responsible for the presentation of 
the programme and who would like 
to learn something of the medium 
in which they work. 


A. E. Rosertson. 


Vade-Mecum 1950 


By P..H. Brans’ Technical Staff. 508 
pp. 8th Edition. Bailey Bros. and 
Swinfen, Ltd., 1950. Price 24s. 


N November 1947 P. H. Brans 

died suddenly, but left his tech- 
nical staff a great many ideas to 
fulfil in this new edition. The 
system of classifying the data 
remains unchanged, but the ‘‘ How 
to Use It’’ section has been sim- 
plified and shortened. 


The new seven-grid valves, the no- 
nodes and_ phasitrons, _ planar- 
triodes, transducers, projection 
tubes and accelerometers have been 
incorporated, and new sections are 
included on the crystal diodes and 
triodes. 


The edition has been revised and 
completed with modern valve data, 
special attention being given to 
v.H.F. and television types. 


Short-wave Radio and the 
lonosphere 


By T. W. Bennington. 2nd Edition. 
138 pp., 61 illustrations. Iliffe and Sons, 
Ltd., 1950. Price 10s. 6d. 


HIS book presents all the 

available information on the role 
of the ionosphere in simple form so 
that it is of use to those with only 
a limited technical knowledge. The 
author is a member of the Engi- 
neering Division of the British 
Broadcasting Corporation and has 
been able to draw on the Corpora- 
tion’s experiences in the develop- 
ment of short-wave overseas ser- 
vices. 


The use of mathematics has been 
avoided and the physical processes 
involved are explained in simple 
descriptive language, The author 
has kept the practical side of the 
subject in mind throughout and 
shows how existing ionospheric data 
can be aplied to everyday problems 
of short-wave transmission and 
reception. 
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NOTES FROM THE INDUSTRY 


1951 National Radio Show 


The 18th (British) National Radio 
Show is to be held at Earls Court, 
London, from August 28 to Sep- 
tember 8, 1951, the first day being 
reserved ‘for distinguished visitors, 
overseas buyers and the Press. 

This announcement is made by the 
Radio Industry Council _ whose 
exhibition organizing committee is 
already planning the exhibition. 

The show will include British 
radio, television and_ electronic 
equipment of all kinds, as well as 
valves and components. The B.B.C. 
will co-operate in demonstrations 
and performances of television from 
a large and fully equipped studio 
in the exhibition hall. 


The Engineers’ Guild 


Owing to pressure of professional 
and private eee) Mr. W. A. M. 
Allan, A.C.G.I., M.I.C.E., who “has 
held the position of "Honorary 
Secretary to the Engineers’ Guild for 
the past 11 years, has been com- 
pelled to relinquish his appointment. 
Mr. W. A. M. Allan is employed 
as an Assistant Divisional Engineer 
with the London Covnty Council. 

In his stead, the General Council 
have appointed Mr. |W. 
Turner, B.Sc.(Econ.), B.Sc., 
A.M.I.C.E. Mr. Turner has been 
the Honorary Editor of the Guild’s 
Journal and a member of Council 
since 1946, He has served on various 
Committees of the Guild and has 
been chairman of both the Discus- 
sions Committee and the Branches 
Committee. Mr. Turner continues 
as Editor of the Journal. 


‘* Engineers in the B.B.C.” 


A booklet entitled ‘‘ Engineers in 
the B.B.C.”’ has been compiled for 
issue to universities and training 
colleges as a guide to graduates 
and undergraduates contemplating 
careers as engineers. 

It mentions briefly the wide scope 
of work of the Engineering Division 
of the B.B.C., its conditions of ser- 
vice, and includes a helpful forward. 

The book is well produced, with 
many illustrations of a high stan- 
dard, and should have great appeal. 


V.H.F. Converter for Broadcast 
Receivers 


Pye, Ltd., of Cambridge, announce 
that they have produced an adaptor 
which allows any standard radio set 
to receive v.H.F. broadcasting. 
v.H.F, broadcasting is thought to be 
the solution to the congestion that 
is taking place all over Eurove in the 
normal broadcasting bands. 


R.E.C.M.F. Exhibition 1951 


The Eighth Annual Private Exhi- 
bition of British Components, Valves 
and Test Gear for the Radio, Tele- 
vision, Electronic and Telecommuni- 
cation industries, will be held in the 
Great Hall, Grosvenor House, Park 
Lane, London, W.1, during the 
period Tuesday 10 to Thursday 12 
April 1951. 

Admission will be by invitation 
only. Further details will be issued 
in due course by the organizers, the 
Radio and Electronic Component 
Manufacturers’ Federation, 22 Surrey 
Street, Strand, London, W.C.2. 


B.S.I. Manchester Office 


The British Standards Institu- 
tion has opened a branch office at 
12 Hilton Street, Manchester, 1. 
Telephone: Central 4856, Tele- 
grams: Bristandin, Manchester, 


The British Instrument Industries’ 
Exhibition 

The first British Instrument In- 

dustries’ Exhibition takes place at 

the National Hall, Olympia, from 

July 4 to 14, 1951. It is supported 


by the following : British Electrical, 


& Allied Manufacturers’ Association, 
British Industrial Measuring & Con- 
trol Avparatus Manufacturers’ 
Association. British Lampblown 
Scientific Glassware Manufacturers’ 
Association, Drawing Office Material 
Manufacturers’ & Dealers’ Associa- 
tion and_ Scientific Instrument 
Manufacturers’ Association of Gt. 
Britain, Ltd. 

The purpose of the exhibition is 
to show scientific and industrial 
instruments of entirely British 
manufacture and, with the export 
market in mind, supporting asso- 
ciations and the organizers, Messrs. 
F. W. Bridges & Sons, Ltd., are 
approaching’ potential overseas 
buyers through all appropriate 
Government, commercial and pro- 
fessional channels. 

Firms having instruments which 
are germane to the exhibition which 
they wish to exhibit, may submit 
an application for space together 
with a description of their proposed 
exhibit to British Instrument In- 


dustries’ Exhibition, 641 Grand 
Buildings, Trafalgar Square, Lon- 
don, W.C.2. 





1950 INDEX 


This 1950 index, Volume 22, is now 
available. Copies may be obtained, 
post free, on application to the 
Circulation Department of this 
Journal, without charge. 











Publications Received 


Noise and Vibration in Industry. 
This small book is a summary of 
experience gained by A. E. Cawkell, 
7 Victory Parade, The Broadway, 
Southall, Middz., in the investiga- 
tion, measurement and reduction of 
noise and vibration in industry. 


Nickel Alloys in Gas Turbines is 
an interesting booklet dealing with 
Nickel Alloys in aircraft construc- 
tion. The Mond Nickel Co., Ltd., 
Sunderland House, Curzon Street, 
London, W.1. 


The British Council—Report for 
the Year 1949-1950. This report is 
presented mainly in the form of 
articles covering the Council’s work 
in the main territorial regions and 
in a number of special fields. The 
British Council, 65 Davies Street, 
London, W.1. 


Plessey Television Components is 
a 24-page catalogue, available to 
manufacturers, describing — their 
recently introduced range of tele- 
vision components. The Plessey Co. 
Ltd., Ilford, Essex. 


The Castle Engineering Co. (Not- 
tingham), Ltd. This _ beautifully 
produced brochure illustrates, in full 
colour in many cases, the _ part 
played by Castle components in 
many engineering fields. The Castle 
Engineering Co, (Nottingham), Ltd., 
Haslam Street, Castle Boulevard, 
Nottingham, 


The Marconi Companies and their 
People. This is an excellent little 
house magazine dealing with the 
interests of Marcont’s Wireless Tele- 


graph Co.. Ltd., Marconi House, 
Chelmsford and Marconi Instru- 
ments, Ltd. 


Loudspeakers and Transformers is 
an illustrated leaflet on the range 
of Elac equipment. It is obtainable 
from Electro Acoustic Industries, 
Ltd., Stamford Works, Broad Lane, 
Tottenham, London N.15. 


Hivac—The Scientific Valve. This 
is a loose leaf catalogue which 
Hivac, Ltd., will keep up to date 
by revised and new catalogue sheets. 
Hivac, Ltd., Greenhill Crescent, 
Harrow-on-the-Hill, Middz. 


Asbestos Textiles and the Elec- 
trical Industry. This is a_ well 
presented brochure containing much 
information about the use of 
asbestos textiles, such as ‘‘ Pyro- 
flex’ asbestos tape for electrical 
insulation. This publication is dis- 
tributed by Turner Bros. Asbestos 
Co., Ltd., Rochdale, Lancs. 
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Miniature Neon Indicators 


A SMALL range of miniature neon 
indicators is being marketed by 
The General Electric Co., Ltd., for use in 
all branches of industry, chiefly as 
visual indicators for ‘‘ live ’’ electrical 
circuits. The small space which the 
indicators occupy and their negligibie 
power consumption make them ideal 
for use with practically any type of 
electrical equipment. They are designed 
to operate from 200-250 volt supply 
mains with an external resistance of 0.25- 
0.5 megohm in series. This resistance is 
essential but it can be of the I-watt 
radio variety. 

Details of the range of indicators are 
summarized below. 





Class of | Nominal | 























Type of | Supply Operat- | Type of 
Indicator | for which ing | Cap. 
suitable Current | 
F A.C. 0.5 mA Small 
Edison 
screw. 
G A.C. | 0.15 mA | Miniature 
| bayonet, 
| centre 
| contact 
“Tuneon”’}| D.C. | 0.5 mA | Small 
| Edison 
| | screw 
The General Electric Co. Ltd., 
Magnet House, 
Kingsway, 
London, W.C.2. 
Halogen Quenched Low Voltage 
G.M. Tubes 


(Illustrated below) 


Tit photograph shows a Gamma 
Counter tube, type G.I0H for use in 
portable prospecting gear. The tube was 
developed in collaboration with A.E.R.E., 
Harwell under a Ministry of Supply 
Contract. 

Normal Geiger Counter tubes operate 
at above 1,000 volts and have a tempera- 
ture coefficient of between | and 5 volts 
per degree Centigrade. They cannot be 
operated below about —20° C. This 
new tube operates between —55° C. 
and -+60° C. with a negligible tempera- 
ture coefficient at a voltage between 
340 and 410 volts. These characteristics 


together with extremely robust con- 
struction and special resilient anode wire 
mounting make the tube 
portable equipment. 

The filling efficiency is 100 per cent 


ideal for 
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and the average slope of the plateau is 
0.06 per cent per volt over 100 volts. 
The filling is a neon-argon mixture with 
a critically adjusted trace of a halogen. 
The cathode is of stainless iron. 

It is a peculiarity of halogen quenched 
tubes that they are not permanently 
damaged by a severe over-voltage or by 
being accidentally operated with re- 
versed potentials. 

Other halogen quenched tubes are 
available including an End Window Beta 
Counter and an X-ray Counter tube. 


20th Century Electronics, 
Dunbar Works, Dunbar Street, 
West Norwood, 

London, S.E.27. 





A New Miniature Photocell 
(Illustrated above) 


Fae ta of particular value for 
use in conjunction with small and com- 
pact lens systems, has recently been 
introduced by the Communications and 
Industrial Valve Department of Mullard 
Electronic Products Limited. This new 
photocell, type 58CV, which is | ~ in. in 
length and has a diameter of no more 
than § in., is specially designed for an 
end-on aspect of illumination. It can 
thus be made to form part of a cylindrical 
optical system of very small dimensions. 
These photocells are useful where it is 
desired to have multiple banks of photo- 
cells in operation. 

The 58CV is a vacuum photocell having 

a caesium/silver-oxide cathode which is 
highly sensitive to incandescent light 
and near infra-red radiation. The 
makers claim that the cathode presents 
the largest possible activated surface 
consistent with the small dimensions of 
the cell, the projected cathode area 
being 0.17 sq. in. (1.1 sq. cm.). 

In spite of its small size, the 58CV cell 
has asensitivity 
of better than 
154A per lumen. 
Other charac- 
teristics are as 


follows : Maxi- 
mum anode 
voltage, 100 V ; 
maximum cath- 
ode current, 
3mA ; dark 


current at an 
anode voltage 
of 100 V, 0.05 
BA. 
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accessories, compiled from information 


A gas-filled version, the 58CG, is also 
available for ‘‘stop-go’’ applications 
where the light changes are large and 
sudden. 

Mullard Electronic Products, Ltd., 
Century House, 

Shaftesbury Avenue, 

London, W.C.2. 


Frequency-Shift Receiving 
Terminals 


B T.R. Ltd. range of frequency-shift 
ereceiving terminals is designed for 
the conversion of any stable conventional 
communications receivers for frequency- 
shift reception. Each terminal accepts 
frequency-shift signals at audio frequency 
from the receiver or receivers, and 
filters, amplifies and converts these 
signals to D.C. impulses for operation of 
teleprinters, tape recorders, etc. 
Three types of unit are used in 
different combinations to provide for a 
single receiver, or for space or frequency 
diversity. These units are :— 
(1) Frequency-shift converter unit 
model FSRI.1. 
(2) A.F.C. and B.F.O. unit, model 
FSR4.1 


(3) Power unit, model FSRI.2. 

(1) This is the basic unit of the 
frequency-shift receiving terminals. The 
unit is designed for single channel 
reception of both hand and automatic 
radio telegraph or radio teleprinter 
frequency-shift signals, with or without 
200 c/s. phase modulation. It is also suit- 
able for the reception of facsimile signals 
when the keying characteristic is similar 
to that of high-speed telegraphy. 

2) A.C.F. and B.F.O. unit, model 
FSR4.1 is designed to work in conjunc- 
tion with any frequency-shift receiving 
terminal using double diversity or single 
receivers with 2,550 c/s. centre 
frequency and 850 c/s. shift. 

Conversion of the receivers to include 
automatic frequency control is a simple 
matter using this unit. No extensive 
modifications are required, the only 
additions to receivers being coaxial 
sockets and short lengths of coaxial 
cable to the points of injection of the 
B.F.O. voltage. 

(3) The Power Unit, model FSRI.2 is 
designed to work from a 50 c/s. mains 
supply. 

This unit provides all the necessary 
L.T. and H.T. supplies for the converter 
unit and A.F.C. and B.F.O. unit. The 
output is sufficient for up to three con- 
verter units or one converter unit and 
one A.F.C. and B.F.O. unit. 


British Telecommunications Research Ltd.,. 
Taplow Court, Taplow, Bucks. 
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Equipment 


apparatus, components and 


manufacturers. 


Ekco Schools Radio 
(Illustrated below) 


HIS new model of school radios has 

been developed for use where three 
or four loudspeakers are sufficient. 

The radio feeder unit and the amplifier 
unit are housed in a single rack with one 
front panel, and carrying handles are 
incorporated. Provision has been made 
for two loudspeaker outlets : 32 for the 
monitor speaker and 1,500 for the 
operation of loudspeakers in. remote 
classrooms. A socket is incorporated 
which enables the equipment to be used 
with a gramophone playing desk. 

Controls are reduced to a minimum 
and are as follows: On/off switch, 
volume control, and station selector. 
Four preset stations are offered, three 
medium and one long wave. It has a 
power consumption of 45 watts A.C. 
only. An ‘‘ Essex Grey *’ model of loud- 
speaker has been matched for use with 
this equipment. 


E. K. Cole Ltd., 
Ekco Works, 
Southend-on-Sea, 
Essex. 





Cable End Identification Simplified 


© simplify indentification in com- 

plicated electrical circuits, the use of 
some form of cable marker is now be- 
coming standard practice. Various forms 
of marker have been employed, ranging 
from the hand-written paper tag to the 
more elaborate thimble-shaped, en- 
graved plastic cable-end ferrule. 

Due to its durability, neatness and 
legibility the last has always been 
regarded as the most satisfactory method 
of identification, but even this has its 
disadvantages as many firms find it 
impracticable to carry large stocks of 
these specially engraved ferrules. In 
order to eliminate this difficulty, a fully 
interlocking plastic ferrule consisting of 
several units, has been designed, each 
unit being engraved with a single digit or 
letter. From these an almost unlimited 


- manufacturers, enables the ‘‘ lens 
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number of code numbers or combinations 
can be built ; in fact, more than 1,000 
different identifications can be made up 
from a stock of ferrules numbered from 
0-9, using only a three-figure code. 

To prevent the digits or letters from 
movement, each ferrule unit is made with 
akey and keyway which ensures that they 
can only be assembled with the engrav- 
ings in line and cannot come out of 
alignment at anytime. These ferrules can 
be supplied in black with white engrav- 
ing or vice-versa and other colours can 
be supplied to order. 

Entry of cables from both right and 
left, without one side reading ‘‘ upside 
down ”’ is provided for by ferrules being 
engraved for either hand as required. 


Critchley Bros., Ltd., 
Brimscombe, Glos. 


‘* Elac’”’? Mark Il P.M. Focus Unit 
(Illustrated top right) 


Bhi new model has been designed for 
simple focusing and positioning of 
the picture. 


The unit is fixed rigidly to the receiver 


chassis. Picture positioning and rough 
focus is obtained by adjustment of the 
three knurled headed screws which are 
easily accessible. Vernier adjustment of 
focus is provided by a lever operated 
threaded sleeve. 

The method of focusing, claim the 
” to 
be placed at the correct point along the 
neck of the cathode ray tube. Adjust- 
ments for picture positioning and focus 
are made by varying the gap, not by 
moving the focus unit. 

Owing to variations in the construc- 
tion of the cathode ray tubes, three 
models having the same basic design, 
but with different field strengths, are 
available. 


Electro Acoustic Industries, Ltd., 
Stamford Works, 

Broad Lane, 

Tottenham, N.15. 
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Electro-Encephalograph 
(Illustrated below) 


HE Ediswan Mark II 8-channel Electro- 

Encephalograph is intended to cater 
both for the clinical requirements of 
most hospitals and for research purposes 
where a higher standard performance is 
essential. 

The provision of 8 channels consider- 
ably reduces the recording time per 
patient for routine clinical examination. 
It permits simultaneous observation of 
occasional phenomena over a larger area 
than is possible with a smaller number of 
channels, this being of particular value in 
the location of focal activity. 

The instrument incorporates a new 
moving coil recorder specifically de- 
signed for E.E.G. recording, together 
with a built-in comprehensive input 
selector unit. 

Particular attention has been given to 
the layout of the instrument so that from 
a seated position all controls are easily 
available and observation of the patient 
is not obstructed. 

The photograph below clearly shows the 
neat method of paper feed and delivery 
using folded and perforated pack paper. 

All features of the encephalograph 
design have been subject to consideration 
of the recommendations for Electro- 
Encephalographs which have been 
published by the E.E.G. Society and have 
been accepted by the Ministry of Health, 

Edison Swan Electric Co., Ltd.» 


155, Charing Cross Road.-, 
London, W.C.2.- 
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MEETINGS THIS MONTH 


INSTITUTION OF ELECTRICAL 
ENGINEERS 


All London meetings, unless otherwise stated, 
are held at the Institution of Electrical Engineers, 
Savoy Place, London, W.C.2, at 5.30 p.m. 
Measurements Section 

Date: December 12. 

Lecture : The Effect of Friction on the Behaviour 
of Servo Mechanisms at Creep Speeds. 

By : J. G. L. Michel, M.Sc., and A. Porter, M.Sc., 
Ph.D. 


Radio Section 


Date: December 6. 

Lecture : Crystal Diodes. 

By : R. W. Douglas, B.Sc., and E. G. James, 
Ph.D. 

Date: December 18. 

Discussion : Have Post-War Broadcast Re- 


ceivers taken Full Advantage of War-time 
Development ? 


Opened by : R. B. Armstrong, B.Sc. 
District Meetings 
Date: December 4. Time: 7.30 p.m. 
Held at : New Inn, Sandling Road, Maidstone, 
Kent. 
Lecture: Aerial Cables for Telecommunication 
Purposes. 
By : A. G. Robins. 
Date: December II. Time: 7 p 
Held at : Great Western Hotel, heading. | Berks. 
Lecture : Television Engineering. 


By : D. C. Birkinshaw, M.B.E., M.A. 


Cambridge Radio “gi y 


Date: December 5. Tim 6 p.m. 

Held at : Cambridgeshire Tomutenl” ‘College, 
Cambridge. 

Lecture : A Review of some Television Pick-up 
Tubes. 


By : J. D. McGee, M.Sc., Ph.D. 

Lecture : The Design of a Television Camera 
Channel for Use with the C.P.S. Emitron. 

By: L. E. L. C. White, M.A., Ph.D., and M. G. 
Harker, B.Sc.(Eng.). 


North-Eastern Radio and Measurements 


roup 
Date: December 18. Time: 6.15 p.m 
Held at: King’s College, Newcastle-on-Tyne. 
Lecture : Electronic Counters and Some 
Applications. 
By : R. B. Conn, B:Sc. 
Sheffield Sub-Centre 
Date: December 13. Time : 6.30 p.m. 
Held at : Grand Hotel, Sheffield. 
Lecture : Some Electromagnetic Problems. 


By : Professor G. W. O. Howe, D.Sc., LL.D 


North Lancashire Sub-Centre 
Date: December 20. Time: 7 p.m. 
Held at: Harris Institute, Corporation Street, 
Preston. 
Lecture : The General 1 of Television. 
By : A. J. Biggs, Ph.D., 


Southern Centre 


Date: December 13. Time: 7.30 p.m. 
Held at: R.A.E. College, Farnborough, Hants. 
Lecture : Magnetic Amplifiers. 


By : A. G. Milnes, M.Sc. 


Date: December 20. Time: 6.30 p.m. 
Held at : The Grand Hotel, Bournemouth. 
Lecture: The Design and Operation of a 


30-MeV erence. 
By : D. W. Fry, M.Sc., J. Dain, M.A., H. H. H. 
Watson, and H. E. Payne, B.Sc. (Eng. ). 


BRITISH SOUND RECORDING 
ASSOCIATION 


Date: December 6. Time: 7p 

Held at: E.M.1. Studios, Led., 3, PM ane ‘Road, 
St. John’s Wood, London, N W.8. 

Lecture : The Applications of Magnetic Coatings 
By. Film Stock. 

: G. F. Dutton, Ph.D., D.I.C. 

eins Meeting with the British Kinematograph 

Society.) 





| SECRETARIES OF ASSOCIATIONS | 


| The Secretary, Institution of Electrical Engineers, 
2 


| G. A. Kysh (Asst. Sec.), Carliol House, New- 
1 


1] W. H. Brent, B.Sc., Regional Director’s Office, 








| The General peeeaer. 9, Bedford Square, 


| G. T. Clack, 10, Tantallon Road, Balham, London, 
S.W.12. 


INSTITUTION OF ELECTRICAL 
ENGINEERS 


Savoy Place, W.C.2. 


Cambridge Radio Group 
G. E. Middleton, M.A., University Engineering 
Laboratory, Cambridge. 


North-Eastern Radio and Measurements 
roup 


castle-on-Tyne, 
North-Western Radio Group 
A. L. Green (Asst. Sec.), 244, Brantingham 
Road, Chorlton-cum-Hardy, Manchester, 21. 
South Midland Radio Group 


Midlands Region (G. P.O.), Civic House, Great 
Charles Street, Birmingham, 3. 


BRITISH INSTITUTION OF 
RADIO ENGINEERS 


London, W.C.|1 
West Midlands Section 


R. A. Lampitt, A.M.Brit.I.R.E., 20, Northfield 
Grove, Merry Hill, Wolverhampton. 


INC. RADIO SOCIETY OF GT. BRITAIN 
General Secretary, New Ruskin House, Little 
Russell Street, W.C.1. 


BRITISH SOUND RECORDING 
ASSOCIATION 


Richard W. Lowden, ‘* Wayford,”’ 
Avenue, Farnborough, Hants. 


Napoleon 


TELEVISION SOCIETY 


Lecture Secretary: T. M. Lance, 180, Bromley 
Road, Beckenham, Kent. 


Engineering Group 


RADAR ASSOCIATION 
The Secretary, 83, Portland Place, London, W.1. 


INSTITUTION OF POST OFFICE 
ar algy ei ENGINEERS 


H. Fox, A.M.I.E.E., Engineer-in-Chief’s 
Wortes (7. P, sonia Alder House, E.C.1. 


INSTITUTION OF ELECTRONICS 


Lecture Sec.: W. Summer, 31, Beech Road, 
Bournville, Birmingham, 


North-West Branch 
L. F. Berry, 105, Birch Avenue, Chadderton, 
Lancs. 


SOCIETY OF RELAY ENGINEERS 


T. H. Hall, M.Brit.I.R.E., 23, Dalkeith Place, 
Kettering, Northants. 


SOCIETY OF INSTRUMENT 
TECHNOLOGY 


L. B. Lambert, 55, Tudor Gardens, London, W.3. 
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Date: December 20. Time: 7 p.m. 
Held at: Royal Society of Arts, John Adam 


Street, Strand, W.C.2. 

Lecture : The Crystal Pick-up with Particular 
Reference to Long Playing Records. 

By : S. Kelly. 


THE RADAR ASSOCIATION 


Date : December 5. Time: 7.30 p.m. 
Held at : Albert Tavern, Victoria Street, S.W.!. 
Monthly Meeting. 


East Anglian Branch 
Date: December 30. 
Held at : The Lamb Inn, Norwich. 
Monthly Meeting. 


RADIO SOCIETY OF GREAT BRITAIN 


6.30 p.m 


Date: December 15. Time : .m. 
Engineers, 


Held at: Institution of Electrical 
Savoy Place, W.C.2. 
Annual General Meeting. 


INSTITUTION OF ELECTRONICS 
Midlands Centre 


Date: December 5. Time: 7 p.m. 

Held at : Imperial Hotel, Birmingham. 

Lecture: Electronic Dynamic Balancing 
Machines. 


By : S. A. Rybezynski, B.Sc.(Eng.), Grad.1.E.E. 


INSTITUTE OF NAVIGATION 


Time: 5 p.m. 
; ertnae Society, |}, 


Date: December 15. 
Held at: The Royal 
Kensington Gore, 
Lecture : Psychological ee of Instrument 

Presentation. 
By : Wing Commander H. P. Ruffell Smith. 


INSTIFUTION OF POST OFFICE 
ENGINEERS 
Date: December 5. Time: 5 p.m. 
Held at: Institution of Electrical Engineers, 
Savoy Place, W.C.2. 


Lecture : Shared Service. 
By : N. V. Knight, B.Sc., 


THE ROYAL SOCIETY 


A.M.1.E.E. 


Date: December 14. 
Held at : The Royal Society, Burlington House, 
London, W. 


‘. 
apg 0 Lecture for 1950. 
: Professor F. J. Cole, F.R.S. 


BRITISH INSTITUTION OF RADIO 
ENGINEERS 

Date: December 15. Time: 6.30 p.m. 

Held at: London School of Hygiene and 


Tropical Medicine, Keppel Street, London, 
W.C.1. 


Discussion : Progress in Loudspeaker Design. 
Opened by : R. L. West, B.Sc. 


North Eastern Section 


Date: December 13. Time: 6'p 

Held at: Neville Hall, Westgate Road, ‘New- 
castle. 

Lecture : A Survey of Television Development 


and its Problems. 
By : H. J. Barton Chapple, B.Sc. 


THE TELEVISION SOCIETY 


Engineering Group 


Date: December 14. Time: 7 p.m 

Held at: The C.E.A., 164, Shaftesbury Avenue, 
London, W.C.2. 

Lecture : Television Transmission for the 
Amateur. 

By : M. Barlow. 

Main 14 

Date: December 29. Tim 7 p.m 

Held at: The C.E.A., 164, Shaftesbury Avenue, 
London, Re 


Annual Social ‘and Exhibition. 
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SP ERE is a Delaron grade to suit any desired electrical insulation requirement and to meet all official speci- 
fications. Delaron can be sawn, drilled, punched, shaped and fabricated—is available in thicknesses from »’—in 
two colours, black and brown, matt or glossy finish—and in various board sizes. Please write for details and samples. 


7 p.m. 
, John Adam sf 


ith Particular 


rds. & 
ais An illustration of 
ac part of the navi- 
street, S.W.1. gational equip- 
ment of an aircraft, 
h showing Delaron 
insulation mount- 
ing strips and 
rT BRITAIN terminal panels 
‘0 an. wired in position. 







al Engineers, 


Ca, illustration of the valve chassis of the amplifier 


RONICS unit used in an electronic pilot indicator. Group 
ie boards made from P1BK Delaron are shown 
_ separately. 

alancing 

Grad.1.E.E. 

\TION 

5 p.m. 

vane, |, LAMINATED PLASTIC BOARD 


f Instrument 





Il Smith. THOMAS DE LA RUE & CO., LTD. (Plastics Division) 
OFFICE IMPERIAL HOUSE, REGENT STREET, LONDON, WI 
men se 7 
| Engineers, 

| " CONCENTRIC 
ry DUPLEX 


HIGH FIDELITY REPRODUCER 
—-now available in 


gton House, 


* RADIO magnificent console cabinet 

6.30 p.m. Shown for the first time at the recent Radio Show, 
yerene - the 12” Concentric Duplex in this handsome console 
Pep onaens cabinet, aroused great admiration. Even the experts 
er Design. applauded its remarkable performance. Vented and 


felt-lined to prevent cabinet resonances, it is designed 
to give the finest possible result from the high fidelity 


n 
p.m. reproducer. Measuring 33” x 24” x 15”, the cabinet is 
Road, New- , finished in highly polished walnut veneer. 
evelopment SPECIFICATION: Series Gap magnet of Alcomax 3. Flux: LF Gap, 
14,000 gauss; HF Gap, 17,000 gauss —on 14” pole. Power handling 
capacity, 15 watts. Frequency range, 30-17,000 c.p.s. Fundamental 
bass resonance, 45 c.p.s. 
ETY PRICES : - 
Console cabinet complete with 12” 
Concentric Duplex £31. 10.0 
7 p.m. 12” Concentric Duplex with cross-over network and trans- 
iry Avenue, former, £15 .15.9. Without transformer, £14. 14.0. 
for. the 10” Concentric Duplex with matching transformer and 


filter condenser, £7.7.0. Without transformer, £6.6.0. 





<. aa lenlorian 


WHITELEY ELECTRICAL RADIO CO. LTD + MANSFIELD +: NOTTS. 
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the value of 


A 
dag COLLOIDAL GRAPHITE 


to the electronic engineer 


Because of their unusual properties ‘dag’ dispersions 
of colloidal graphite are constantly finding new 
applications in the electronics industry. 

The films formed possess :— 

Good electrical 

and thermal conductivity and radiation. 

Inertness to E.M. radiation and electron 
bombardment. 

Opacity, Diamagnetism, Chemical inertness. 

Applied by brush, spray or dip, they may be used as :— 
Electrodes in Cathode Ray Tubes, Geiger counters, 
radiation meters. 

Conducting coatings for bleeding off static. 

Screens on T.V. cabinets to suppress 


E.H.T. radiation. 


Resistors—printed and conventional types. 


a POST THIS COUPON TO-DAY mine 

















Leese eeee@ eee we @ ew we ees ee ee 


Hy t 
i TO: ACHESON COLLOIDS LIMITED 1 
1 18, PALL MALL, LONDON, S.W.! | 
Please send me additional informatien en the abeve or other J 
' applications for ‘dag’ in the field of electronics. ! 
{ I 
[ NAME ! 
: 1 
: ADDRESS - 
{ 1 
| i 
i I 
i i 
i t 

J 





| 









































The pins illustrated in 
the seal on this elec- 
tron gun assembly are 
made of Nilo K. The 
pins are sealed through 
a_ boro-silicate glass, 
which will be joined 
4 to the Pyrex envelope 

of a cathode ray tube. 


'GLASS-TO-METAL SEALS 


Single and multiple seals for a wide variety of 
purposes can be readily produced with the Nilo 
Series of alloys with controlled coefficients of 
thermal expansion. 


@ Nilo K has a coefficient of thermal expansion 
closely ‘matching that of medium hard 
boro-silicate glasses over the range 
20-500°C. These glasses are used in the 
construction of electronic equipment. 


@ Nilo 42 is the alloy used for cores of 
copper-covered wires for vacuum seals éa lamps 
and radio valves. 


@ Nilo 48 and Nilo 50 are employed for seals with the 
softer glasses. 


@ Another alloy, marketed under the name B.T.H. 
No. 12 Alloy, is designed for use with soft lead 
and lime glasses. 


For further information write for free copies of eur 
publications ‘“*Glass-to-metal Seals” and “The Nilo 
Series of Low-Expansion Alloys’. 


HENRY WIGGIN & COMPANY LIMITED 


WIGGIN STREET, BIRMINGHAM, 16. 
Nilo is a registered trade mark. 4 





36/nul4 
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MEASURE YOUR COMPONENTS 


ON THE 


MUIRHEAD IMPEDANCE BRIDGE 
4f gives answers without ambiguity 


RANGES: 


D.C. RESISTANCE : 


0-001 ohm to I-11 Megohms. 


CAPACITANCE: | uF to 100 p.F 
DISSIPATION FACTOR: 0... 
INDUCTANCE: | ui to 000 H. 


MAGNIFICATION FACTOR: 0.60. 





TYPE D-197-A 


FEATURES : 


f Resistance and reactance standards. 
BUILT- | 1 Kc/s oscillator and bridge amplifier for A.C. measurements. 


IN Rectified A.C. source and sensitive centre-zero galvanometer for D.C. 
| resistance measurements. 


PROVISION FOR USE OF EXTERNAL GENERATOR FOR A.C. MEASUREMENTS UP TO 10 KC/jSs. 
PROVISION FOR USE OF EXTERNAL GALVANOMETER,. 

MECHANICAL INTERLOCK BETWEEN DIALS DISPLAYS ONLY ONE ANSWER. 
ELECTRONICALLY OPERATED WAGNER EARTH, 


ALL - MAINS OPERATION. 
Full details in bulletin B-642—which will gladly be sent on request 


Muirhead & Co. Limited, Elmers End, Beckenham, Kent. Tel: Beckenham 0041-2 
FOR OVER 60 YEARS DESIGNERS AND MAKERS OF PRECISION INSTRUMENTS 


C.R.C,73a 
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4 8 LngiTIM | 


---- and BANDWIDTH 






when considering Oscilloscopes. 
Furzehill d.c. coupled Oscilloscopes have 
been designed with high sensitivity 
amplifiers having a linear response from 
d.c. upwards to 3 Mc/s. 





FURZEHILL LABORATORIES LTD., BOREHAM WOOD, HERTS 
Telephone: ELStree 3940 








—— ALL-POWER — 
CONSTANT VOLTAGE LABORATORY SUPPLIES 


We can supply Standard, Semi-standard and Special Power Supply Units 
to meet any requirements. These Units provide an exceptionally 
constant and stable power source for use in Meter Calibration and 
Standardizing Laboratories, and for accurate Research work of all types. 


MODEL 102-A 





OUTPUT - - 220-320 VOLTS, 0-250mA. 
STABILIZATION RATIO- - - >20,000. 
INTERNAL RESISTANCE - <0.05 OHM. 
OUTPUT RIPPLE - - - - >> /ImV.R.M.S. 


ALL-POWER TRANSFORMERS LTD. 


CHERTSEY ROAD, BYFLEET, SURREY. 


TEL. BYFLEET 3224, 3225. 
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PUNCHING 
DUTY 








Fair grounds exist for asserting in no roundabout manner shapes or finished parts can be supplied to any 
that punchings in Tufnol are unbeatable in. quality. specification. Tufnol has put many an extra punch into 
But the uses of Tufnol only begin here, and its real Britain’s export drive! 


possibilities are unlimited. When hardwood or metal 
show deficiencies in service, then Tufnol will most likely CONTINUOUS PERFORMANCE 
fill the bill. Structurally strong, light in weight, with Every day Tufnol is solving fresh 
fs » chemical resisting and electrical problems. Many technical publica- 
insulating qualities, unaffected tions have already been compiled 
by moisture or climatic ex- dealing with the different aspects of 

; pig Tufnol, but if your enquiry poses 
posure—it exhibits a remarkable a NEW problem, our Technical 
combination of properties. Staff will work onit with enthus- 
Added to this is its advantage iasm. Why not write TODAY ? 


of being easily and accur- 


ately machinable with 
REGISTERED TRADE MARK 






ordinary workshop facilities. 
The prefabricated forms 
—sheets, tubes, rods, bars, 
angles and channels— 





A Tufnol Pinion meshing with : 
a cast-iron wheel. The18h.p. reduce production costs: 
motor provides the pump drive 


fora Hydraulic Accumulator. and specially moulded Ai ELLISON Product 





TUFNOL LTD e PERRY BARR ee BIRMINGHAM .2 228 


° 254 
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UNITED TOLWORTH + SURBITON +* SURREY 
TELEPHONE: ELMBRIDGE S241 CABLES: CALANEL, SURBITON 


The same skill and quality that is demanded for B.B.C. 
FADERS goes intg the construction of all Painton 
products. 

Wherever trouble-free, noiseless variation of level is 
required, either by fading or attenuation to pre- 
determined settings, you can, with confidence, rely upon 


PAINTON 


PAINTON ECO LTO KINGSTHORPE NORTHAMPTON 
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Germanium diodes 


have many advantages — electrical and physical, which makes a substantial 
appeal to the professional radio engineer and the serious experimenter. Being so 
small they can be soldered directly into the part of the circuit where they are 
wanted and without any consideration of mounting methods or special holders. 

They require no heater power and therefore the danger of introducing hum 
does not exist, neither has screening to be considered. 

A minimum life of 10,000 hours means that they need not be easily accessible 
for replacement and the special sealed and robust construction ensures immunity 
from damage by vibration or atmospheric conditions. 

As replacements for thermionic diodes, G.E.C. germanium diodes are always 
worth considering and the main points which have to be taken into account are 
reverse resistance and permissible reverse voltage. Their low shunt capacitance 
will always be advantageous compared with thermionic diodes. 

From the point of view of the experimental worker they are invaluable 
because of their versatility, and they can equally well be used for say, an improvised 
source of bias from a heater supply, a probe voltmeter at television frequencies 
or in one of the many circuits of which the following are typical examples. 
For further information write to: 
Osram Valve and Electronics Dept., AT. 
Magnet House, Kingsway, W.C.2. 308K 10K 








SYNC. SEP 





CATHODE OF C.A.T 








= ea) — GAIDOFCAT 
0-05 .F 











+ 800pF 


177 























Vision Detector and Spot Limiter 

















T.V. Sound Detector and Noise Limiter 





THE GENERAL ELECTRIC CO. LTD., MAGNET HOUSE, KINGSWAY, W.C.2 
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To provide a large contact area, ws 
maximum strength and cooling a 
surface and accurate alignment of —* 
all working parts, BERCO sliding 
rheostats and potentiometers are manufactured 
with a hexagonal solid drawn steel tube in 
preference to the circular tube. 

The tube is insulated by vitreous enamel capable 
of withstanding the highest working temperatures 
without deterioration and provides maximum 
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keeping temperature rise to a minimum. 

Open, protected or ganged types are available in 
a wide variety of sizes. Graded windings can be 
supplied for special applications. Write to our 
éngineers to help you select the resistance for 
your special purpose. 


cooling surface on both inside and outside, Write for leaflet BR602/ 10 





SLIDING RESISTANCES 





THE BRITISH ELECTRIG RESISTANCE CO. LTD. 


Queensway, Ponders End, Middlesex. Telephone: Howard 1492. Telegrams: Vitrohm Enfield. 





Technical excellence supported by constant research and an 
unrivalled knowledge and experience of Radio Frequency 
Cable applications, ensures the continuance of the lead estab- 


lished by TELCON in the Radio I'requency Cable field. 


Even before the introduction of Telcothene* as a cable 
dielectric, an application pioneered by TELCON, a range 
of Radio Frequency cables with unique capacity and 
attenuation characteristics was produced, using Telconax. 


The basis 
of world 


Today, developments are still going on and the solution 
of any problems involving the application of Radio 
Frequency cables will be found in the wide range manu- 
factured by TELCON. 


* Telcothene ( Regd.) — Polythene processed by 
Telcon to provide specific characteristics. 


ELCON « CABLES 


TELCOW 


standards 





& MAINTENANCE CO. LTD 
Telephone: LONdon Wall 7104 
Telephone : GREenwich 329) 


THE TELEGRAPH CONSTRUCTION 
Head Office: 22, OLD BROAD STREET, LONDON, E.C.2. 
Enquiries to TELCON WORKS, GREENWICH, S.E.10. 


Founded 1864 
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NAGARD TYPE 103 OSCILLOSCOPE 


CALIBRATED IN TIME, FREQUENCY AND 
VOLTAGE 


TIME BASE RANGES 


Calibrated sweep velocities from 2 in. per 
sec. to 2 in. per u sec. Triggered or 
continuously running. 


D.C. AMPLIFIERS 


WIDE RANGE 








r 


CALIBRATED 
OSCILLOGRAMS 


The illuminated graticule | 
and single shot camera 
attachment gives clear 
records and accurate 


monsuremants, Voltage calibrated and fully stable 
STABLE TRACES Response, Maximum Gain and Sensitivity 
: 0-20 K/cs. 0-2 Mc/s 0-10 Mc/s 

The exceptional synchron- 100,000 20,000 300 


ising properties of the Time 
Base, and stability of the 
D.C. Amplifiers aids meas- 
urement and photography. 


0.12mV/inch  0.60mV/inch 40mV/inch 


Phase to frequency ratio constant. Perfect square 
wave definition within the limitations of 
each frequency range. 








— Pm 











SEE 


what you measure ! 


NAGARD 


Grams : Intertel, Claproad, London. 245, BRIXTON ROAD, LONDON, S.W.9 











There is only one Portable Pattern Generator 


that will give you the B.B.C. wave-form on all channels between 40-70 
MC/s out of viewing hours ..... 


There is only one Portable Pattern Generator 


which enables a T.V. receiver to be installed or serviced with complete 
confidence that no further adjustment will be needed ..... 


There is only one Portable Pattern Generator 


which will enable every minute of a service engineer’s time to be used 
profitably ..... 


Find out more about the 


MURPHY T.P.G.II 


before you buy any other make—remember that it is not first cost that 
matters, but time saved on servicing and installation work over a period 
of years. 


For further details ; Ae 

and cppeinmens IR, LIVINGSTON HOGG  secisicsinhe. 

telephone TUDor for the commum- 
§277 65, BARNSBURY STREET, LONDON, N.I. ations industry. 
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HIS instrument, which is compact and 
TI ME INTE RV AL portable, enables accurate measurement 
of time intervals between 10 milliseconds and 
60 seconds to be made. The versatility of the 
M E TE R timer makes it particularly suitable for measur- 
ing the time delays of relays, contactors and 
TYPE 771 other types of switches, whilst the design is 
such that the integration of a number of short 
time intervals may be made over a relatively 
long period. 


Full details of this or any other Airmec in- 
strument will be gladly forwarded upon request. 


SPECIFICATION PRICE £32 a 


The instrument will measure :— 

1. Duration of a contact “make” or a contact “ break.” 

2. Interval between energisation of a relay coil and opening or closing of a 
contact. : 

3. Interval between de-energisation of a relay coil and opening or closing of a 
contact. 

4. Interval between closing of one contact and opening or closing of another. 

5. Interval between opening of one contact and opening or closing of another. 

It may also be used as a stop clock. 


RANGES: 0—60 seconds, 0—30 seconds, 0—6 seconds, 0—3 seconds, 0—600 
milliseconds, 0—300 milliseconds, 0—60 milliseconds. 


ACCURACY: + 5% of half scale deflection of the meter. 
DIMENSIONS: 13” x9” x 6”. 


AIRMEC LABORATORIES LTD 


HIGH WYCOMBE: BUCKINGHAMSHIRE « ENGLAND 
T8L: HIGH WYCOMBE 2060 CABLES: AIRMBC HIGH WYCOMBE 




















To all our friends we send 
Christmas Greetings and wish 
them Health, Happiness and 


Prosperity in the coming year 


from 


GARDNeRs Rapigg, 


THE HOME OF 
SOMERFORD & MINIFORD TRANSFORMERS 








SOMERFORD - CHRISTCHURCH - HANTS + PHONE: CHRISTCHURCH 1025 











er, 1950 











December, 1950 Electronic Engineering 


VIDEO-FREQUENCY 
OSCILLATOR 


TYPE 0222 


Zke/s to 8 me/s 


Outstanding features of the Wayne-Kerr 0222 Video- Frequency 
Oscillator are its low harmonic content and unusual stability—both 
of frequency and amplitude. It can, in fact, be switched to any of 
the six ranges between 7 kc/s and 8 mc/s with no change in output 
level. A further advantage is the special facility for indicating the 
modulus of its load impedance to which it is connected. This 
instrument is easily carried about in its transportable case, or it can 
be supplied for rack mounting if preferred. FULL details from :— 


ieser 


WAYNE-KERR LABORATORIES: LIMITED, NEW MALDEN, SURREY 





AN ULTRASONIC SOLDERING IRON 


Can be used for soldering aluminium, 
magnesium, duralumin and other 
metals which form refractory oxides 





& Gan problem of soldering metals which form refractory oxides has 

now been overcome. 

A new soldering iron, developed by Mullard, destroys oxide film by ultra- 

sonic stimulation and provides a ‘‘ clean ”’ metallic surface. 

This means perfect soldering of aluminium, magnesium, duralumin, etc. 

can now be achieved without scraping or brushing molten metals. 

Standard soft solders can be used. And no flux is needed. 
A small electronic amplifier 
supplies the ultrasonic power. 
There are no controls, apart 
from the mains switch, to The soldering iron has a nickel silver bit driven 
operate. Unskilled workers by a magnetostriction transducer. The trans- 
can use the apparatus without ducer is arranged to run at its natural resonant 
discomfort, since the ultra- frequency by a feed-back system. A conventional 
sonic frequency used is inau- low voltage winding heats the soldering bit. 
dible to the human ear. Full 
information about the Mullard 
Ultrasonic Soldering Iron — 


the only commercial model in : — 
the world—is available on WM il r #¢ Mullard] 
The Mullard Ultrasonic Soldering | 4™¥°St- ul ee TF 


Iron and Amplifier. The unit operates 
from A.C. mains and is robustly made | MULLARD ELECTRONIC PRODUCTS LTD., EQUIPMENT DIVISION, CENTURY HOUSE, 
to suit workshop conditions. SHAFTESBURY AVENUE, LONDON, W.C.2. TELEPHONE: GERRARD 7777 

¢ 




















MI.340) 
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high 
A.F. LEVEL RECORDER 


An automatic audio frequency 
measuring apparatus for recording 
response characteristics on logar- 
ithmic scales. It is specially 
suited for recording rapid signal 
level variations over a wide 
range for such applications as 
microphone, amplifier and loud 
speaker frequency characteristics, 
also reverberation periods and 
intensity variations with time. 


INSTRUMENTS LTD 130 UXBRIDGE RD., HANWELL,SLONDON, W.7 : EALING 6215 
* Visit ELECTRONICS CENTRE — our new London Showrooms — 83 Piccadilly : Mayfair 4613 


MUREX «introduce a new 
inlered COMPOSITE 


Photographs by courtesy of the 
British Physical | dot 


MUREX COMPOSITE MAGNETS are generally supplied in 

the form of annular rings. One segment comprises a permanent magnet 

material of one of the standard aluminium-nickel-cobalt alloys, the remainder of readilY 

machineable soft iron. Simultaneous pressing and sintering of the two powders gives a single undivided 

unit without any break between the two materials. Composite magnets have a wide field of application, and are 
particularly suitable in moving coil instruments, where a pole tunnel or fixing holes have to be drilled. 

Principal advantages are: @ No necessity for separate pole-pieces. © No assembly arrangements between magnet and 

pole-piece © Integral pole-piece and magnet means no loss of flux and no source of stray fields between magnet and pole-piece 

© A constant field inthe gap © Greater flexibility of design and simplified assembly © Considerable saving in cost. 


MUREX LIMITED + (Powder Metallurgy Division) * RAINHAM «+ ESSEX 


Telephone : Rainham, Essex, 240. London Sales Office]: Central House, Upper Woburn Place, W.C.I. 





6215 
ir 4613 


upplied in 


of readilY 
undivided 


e, W.C.I. 
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TRE 
BRITISH NATIONAL 
RADIO SCHOOL 


ESTD. 1940 


Now in our eleventh year and still— 
NO B.N.R.S. STUDENT 
HAS EVER FAILED 


to pass his examination(s) after completing our 
appropriate study course. Nothing succeeds like 
SUCCESS and what we have done already for so many of 
your colleagues, we can do again for YOU. 

All our courses are conducted by correspondence, on 
INDIVIDUAL lines and our Syllabus includes preparation 
for the following examinations : A.M.Brit.I.R.E.; City 
and Guilds, Radio, Telecommunications, Mathematics 
As specialists to the Elec- 3 % and P.M.G. (theory only). Other courses include what 
tronic Industry, may we ; cd we believe to be the finest RADAR course available 


have the opportunity to : 

quote you on your pressing anywhere. 
noo ge ye ent Free Booklet and speci lessons (please mention this advt.) from 
enamel finishing to order. 











STUDIES DIRECTOR 


WILLIAM PEARCE Scuola crt 
/ Prauscreps) 


LTD 66 ADDISCOMBE ROAD, CROYDON 


ORMOND STREET, BIRMINGHAM, 19 


The VALRADIO e ROUBLE - FREE 


Heavy Duty Converter e E 3 E Vi S | O N 


(Famous since 1937) 


Will supply A.C. at standard voltages for numerous 

applications from D.C. supply voltage ranging from 

6-250 volts with wattage outputs from 30-300 watts. 

Frequency stability } of 1% at 50, 60 or 75 cycles per sec. 
| 











Let us bring to your notice a few listed 
by us in popular demand, others can 
be considered on receipt of speci- 
fication. All hereunder incorporate 
Radio and Low Frequency suppres- 
sion from interference. 
a 
Type DC Input AC Output Wattage Load Price 
230/300-A 200-250 V 200-250 V 220-300, £16- 0-0 
230/300/110-A 100-120 V_ 200-250 V 150-300 £16- 0-0 | 
230/200-A 200-250 V 200-250 V 100-200 £14- 0-0 | 





230/100/110-A 100-12" V_ 200-250 V 100-200 £14- 0-0 the use of 


230/200/50-A V_ 200-250 V 100-200 £16- 0-0 


230/110-A 180-270 V — Vv 60-110 £10-15-0 Gy W E S T N C H 0 U S 9 w 


Also similar types available to operate from D.C. 


input voltages of 6, 12, 24, 32 and to order. M iS TA L R FE Cc Ti - j FE R Ss 


All above prices advanced 10% from 1st July 1950, 
2 for -H.T., H.T. boost and line fly-back damping, E.H.T. 

Literature and terms of business on request to: and sound and vision interference suppression, is a step in 
the right direction, and we can tell you about this if you 


Vv A L Uy A D I 0 L I M | T E ab send 6d. for a copy of ‘“‘ THE ALL-METAL WAY ”’ to Dept. Elec. Eng. . 12 


57, FORTRESS ROAD, LONDON, N.W.5. WESTINGHOUSE BRAKE & SIGNAL CO., LTD. 
Phone: GULliver 5165 82 York Way, King’s Cross, London, N.I. 
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Of CO-AXIAL CA 


CASTLE 4228, ENGINEERING 


‘These plugs and sockets COMPANY (NOTTINGHAM) LIMITED 
= designed for = with either solid or HASLAM STREET* CASTLE BOULEVARD* NOTTINGHAM 
airspaced dielectric cables. The patented Telephone : Nottnghem $6068 (ines) Telegrams: Copston:Nottnphom 


method of connecting the plug to the metal 
braiding of the cable ensures positive con- 
tact and grip without soldering. The 
centre conductor of the cable passes 
through the hollow centre pin for easy 
soldering. The thermosetting plastic 
insulating material between the plug body 
and pin remains unaffected by heat from 
soldering. The socket with two-hole 
mounting flange incorporates a ‘ click’ 
action retaining spring which prevents the 
plug from loosening through vibration. 
Both plug and socket bodies are of Nickel- 
plated brass, and the contact pins are 
Silver-plated brass. 


BRIEF SPECIFICATION 
These Plugs and Sockets are manufactured 
to an R.E.C.M.F. Specification, and the 
minimum performance figures after testing 
to RC1/1 Yellow Specification INCLUDING 
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TROPICAL EXPOSURE TEST, are :— 

Capacity Gus and Socket _ Cc A Ss T oO R 
together ose ooo one pF max. 

Contact Resistance (Outer : . FORGED 
Contacts) ... ae ... 10 milliohms max. ss IN 

Contact Resistance (Pin Con- LATEST TYPE 
tacts) at uw ... 10 milliohms max. MAGNETIC 

Leakage Resistance ose, --» 10 Megohms min. MATERIALS 

Steady withdrawal force 6/16 Ib. 


PAT. NO. 637613 i 


gape snes Ss 
LIMITED 2 RWIS LID 


ANTHFERENCE LIMITED, 67 BRYANSTON STREET, MARBLE ARCH, LONDON, W.!. | / SHEFFIELD 9 
Telephone: PADdington 7253 P.B.X. 
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in 15 
KS. Made in 15, 

INAL BLOC 
TYPE 5.96 ES ya 60 amp. sizes- 


Type C.30 PUSH-BUTTON :# 

UNIT arranged for mounting Type A.ll A.C. POWER 

on customers’ own cover RELAY -4-pole with N.O. 
plate. or N.C. contacts. 


THE DONOVAN ELECTRICAL CO. LTD. 
Safuse Works + Stechford - Birmingham 9 





| 
| 
# MOULDERS - ASSEMBLERS 
| 
| 











Department E.E. 


18, TOTTENHAM 
COURT ROAD, 
LONDON, W.1. 


Phone : 
MUSeum 2453, 4539 


SHOP HOURS: Mondays to Fridays 9—5.30. 
FULL MAIL ORDER FACILITIES 





Saturdays 9—I 


(ex-Ministry) 


P.O. 600 and 
3,000 types 


AS FOLLOWS 


D.C. COIL RESIST- | CONTACTS : Make 
ANCE: 10 ohms to | (M) Break (B) Change- 
42,000 ohms; also | over (C) in twin silver, 
double-wound coils. | heavy duty, and twin 
Special coils wound to | platinum in any com- 
spec. in quantities. bination to 8 sets. 


Also available, SIEMENS High-speed RELAYS and other 
types 














prt vEN cy 


Er apiel id 





TOOL MAKERS 


TUBE MAKERS 
A:l’D Approved 


ELCO PLASTICS LTD 
—- ee 
TUBE LAMINATION LTD 


PLASTICRAFT WORKS 
DESBOROQUGH PARK ROAD, HIGH WYCOMBE, BUCKS. 


9 Your | 
Speecifieation _ 































@ OUTPUT - 240 to 310 v. in 3 ranges. 

6.3 v. 10 A. Heater Supply. 
@, STABILISATION RATIO 300 ; Ripple 2mv. 
@ NO ELECTROLYTIC CAPACITORS. 


@ A range of models available or instruments 
built to your special requirements. 


BRITISH ELECTRONIC INDUSTRIES 
28, UPPER RICHMOND ROAD, S.W.15 
__ TELEPHONE: VANDYKE 1856.. 








strand 
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AMBITIOUS ENGINEERS 


MPORTANT GUIDE TO SUCCESSFUL 
ENGINEERING CAREERS 


After months of intensive effort, we are pleased to 
announce that the new —e: =e 3 Hie eso ts 
book, “ENG ERING 
now ready for free ow a agag 
This book is, beyond argument, the finest and most 
complete Handbook on Successful Electrical En- 
Bookahelt Careers ever compiled. It should be on the 
ookshelf of every person interested in any phase of 
ical Engineering, whatever his age, position or 
a perience. 
is book shows, among + paved gr interes- 
ow! matter, *. — 7 o! B.S.c., A.M. 
t. LR.E., C euLDS G.P.O., and 
every other Lecmes yr Ae examination, whilst 
details are given of over 200 Courses in all branches 
of Engineering. The Electrical Group of Courses 
Bee includes: Neon Lighting, Power House Des: 



















ay sa Tet te te Be ogy mn FOR: Automatic coolant regulation. Movement for pressure 

¥7 ing Instruments, Electrical esign, Electricity change. Packless gland to seal spindle in high vacua. 
Supply, Electronic neral Elec- = Reservoir to accept liquid expansion. Dashpot or delay 

Sel Magincering, Elecerical Installations. device. Barometric measurement or control. Pressurised 

a pce also explains the unique advantages of couplings where vibration or movement is present. Dust seal 

our Employment Dept. to prevent ingress of dirt. Pressure reducing valves. 
Hydraulic transmission. Di ther tic control. 

We Guarantee ‘“‘NO PASS—NO FEE”’ Low torque flexible coupling. Pressure sealed rocking move- 


ment. Pressurised rotating shaft seals. Aircraft pressurised 


If you wish to become Rotate ualified you cannot afford to miss : + 4 4 
reading “ ENGINEERING OPPORT S.” In your own cabin control. Refrigeration expansion valves. Therme- 
omy = ad for your copy of this enlightening guide to well-paid static Steam Traps. Pressure amplifiers. Differential pressure 

E and post-free. Do not neglect this opportunity measurements. Thermostatic operation of louvre or damper. 
Pri whe ano the possibilities within your reach. Write for List No. V 800-%. 


BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY 
sory Seempansnre Seeete, B I E T Drayton ‘Hydroflex’ METAL BELLOWS 


17-19 Stratford Place, Oxford St., 
London, W.|! Drayton Regulator & Instrument Co. Ltd., West Drayton, Mdx. » W. Drayton 26M 














Mains or Battery Personal Kit. A Kit of Parts to build 
our new Midget 4-Valve Superhet “ Personal ” mt 
ony Medium and Long Wavebands and desi 
for Mains or Battery operation, is now available. 
2-waveband superhet receiver is designed to operate on 
A.C. mains 200-240 volts, or by an “ All-Dry ” battery, 
either means being selected by the turn of a rotary 
switch. It is so designed that the mains section, size 
43 in. x 34 in. I in., is supplied as a separate Kit 
(which may be added at any time). » 1 Kit can there- 


full circuits, for Superhet 465 cls. Unit 33/- (plus fore be supplied either as an “ All-Dry” Battery 


7/4P.T.). For T.RF. circuit covering M., and L.. Waves, Personal Set. or by incorporating - mains sectionasa 
/3 P.T.). The Battery Portable Superhet Midget receiver for combined Battery/Mains qoonsticn). 


Coils. Denco T.R.F. Matched Pair Medium and Long 
Waves, 6/6 pair. Weymouth T.R.F. Matched Pair M. 
and L.. Waves, 9/6 pair. oe Matched Pair S.M. and 
i. ta 8/9 or 11/6 pair. All types Wearite “ 2y 
Coils, 3/+ each, in nid ge Weymouth Midget 1% in. 
x fin. dia., Iron Core, Aerial H.F. or Osc., 3/6 each. 

Osmor Mi et Coil Pack. Size 3} in. x 2pin. x Itin., 
covering S.M. and L.. Waves. Coils wound on Polystyrene 
Formers with adjustable iron cores ensures efficient per- 
formance. Factory wired and aligned. Price, including 

















plus 
Pack, ncluding ready wound Frame Aerial, covering S. M. and L. waves, 37/6 The circuit incorporates delayed A.V.C. and pre-selective audio feedback. A 
aa 8/4. P.T. 4-in. P.M. speaker with a generous sized output transformer ensures excellent 
Aluminium is. Substantially made of gauge 16 S.W.G. with four sides : quality reproduction. Two ready wound frame areials and a drilled midget 
7i fe. x 4in. x 2in., 3/3; Yin. x 5i =. x 2b in., 4/-; 10in. X 6 in. X 2$ in, chassis are included. The overall size of chassis when completely wyei i is 8} in. 
4/11; 10in. aoe x 2p in., 5/6; 12in. : x 2tin., 6/8 ; ae. x Yin. X 4in. X 2 in. his 4 ry ae ery oe ch.), IT4 (1.F, amp.), IS5 (diode det. 
x 2b in., 6/11; 16in. x Bin. x Of in in., 7/3; 16 in. X Bin. x 34 in., 8/6. and audio amp.), and 3S4 (output tet.). The set is easily built from the very 
Meter Rectifiers. West house, OHA, 11/6. i¢ mA, 10; 0/6. 5 mA, On detailed building instructions supplied, which includes F — Component 
Selenium eee HTL Wave, 250 V 50 mA, 5/6; 200 V 100 mA, 5/9; lapent, with ten age” int wiring yy f= , and a circuit di 
MOU TON AMG: Bridge Rectifier OV lh ame, 1/6; 12V lt amp. 11/6; Price ck Kit (less nit), including PT. i eos Price of 
12 V 3 amp., 19/6 ; 12 V5 amp., 25/- 3 24V3 amp., 23/6. Mains Usk ETH. "Price of Ever Ready B114 
Each has an eoet of 230 volts. Outputs : (a) 24 volt An attractive Walnut-finished Portable Cabinet to house rages pons ae receiver is 
tapped 15 V, 9 V and 4 V, at 3 amps., 21/6 ; (b) 30 volts tapped 15 V and9 V at also available. Bg cabinet is also quite suitable for the “ All-Dry ‘*battery 
3 amps., 22/> ; (c) 15 volts tapped 9 V, = dk ., 14/3 ; (d) 12 volts at 14 amps., version. Price 1 9/9. 
11/3. re) 15 volts tapped 9 V 36 6 amps., 19) 9. The bl ioned above can also be supplied 
t Transformer. Inputs 230 volts, outputs 6.3V 14 amp., 7/6 ; 4V 14 am separately for 1/6. 
7/6; ho yd out; oon AS T) It amp., 4V 2amp., 6.3V2amp., 19 196. A complete Kit of Parts to build a miniature “All-Dry” Battery Elimin- 
A Midget T.R.F. Ba‘ ttery Portal Personal” Kit. A complete Kit of Parts ator, giving 69 volts H.T. (approx.) and 1.4 volts L.T. This Eliminator is suitable 
to build a Midget Ste eR, Rae Personal Set. Consists of Regenerative for use with any Personal battery set requiring H.T. and L.T. as above (or 


T.R.F, Circuit employing Flat Tuned Frame Aerial, with Denco Iron Dust Cored even for sets requiring natn 90 volts). 
Coil, thereby ensuring maximum gain for Single Tuned Stage covering Medium It i is housed i ina light, aluminium case, size 44 in. X 3# in. X 14 in., and can 
d in most makes of Personal receivers. 


Waveband. 
ba wee eg we IT4 (RF. Ampl.), IT4 (Detector), IS5 (is AF.) and = (output). Price of Complete Kit including detailed assembly instructions and layout £1/17/6 
ncludes latest Rola 3-in. Moving Coil Speaker, and a Chassis already drill Hed and The Midget A.C. Mains 3-Valve Receiver circuit, as published in the * Wir 
pom y A consumption of only 7 mA ensures long battery life. The Kit is World.” ete 4 all the components to build this set, which covers Medium 
designed for a cabinet, minimum size 64 in. X 44 in. X 3 in. Detailed Building and Long Waves, for £4/5/- (including complete assembly instructions). A 
Instructions, with Practical Layout and Circuit make assembly easy. reprint of complete assembly instructions can be supplied separately for 9d. 
Price for Complete ~ £3/ 18/9 ( (plus 16/7 P.T.). Suitable unpolished Cabinet, (including postage). 
64 in. x 44 in. x 3 “np Ever Ready B114 Battery, 9/7. Building Instruc- e can now supply an attactive walnut-finished Cabinet for the “Wireless World” 
tions, Circuit, etc., 3 tec parately, 3-Valve Set, with a complete Slow-Motion Dial and Drive Assembly (Station- 
“Wireless World’ Midget AG. Mains 2-Valve Receiver. We can supply all named Dial to latest wavelengths). Inclusive price £1/14/6. Cabinet available 








the components, including valves and M/Coil Speaker to build this set as specified separately for 21/-. 
in the March issue, at a total cost of £3. Reprint of detailed assembly instructions *Send 3d. Stamp for our Comprehensive Kit and C Stock List. When 
and circuit supplied separately for 9d. ordering, please cover packing and postage. 





STERN RADIO LTD., 109 and 115 FLEET STREET, E.C.4 Telephone : CENtral 5814 and 2280 
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The Name to remember for... 


BOBBINS, FORMERS, 
TUBES & SHROUDS 


Your enquiries will receive our immediate attention 


ARMAND TAYLOR & CO. LTD. 


TUSKITE WORKS, MARSH ROAD, PITSEA, ESSEX 
Telephone: VANGE 21 67 








“@” METER 
TYPE 31 

An accurate and reasonably priced instrument for laboratory 

and production use 

100 Kc/s. — 30 Mc/s. 

35upF. — S00upF. 





Frequency range 
Capacity range 


QO ange... <a wee .. O— 300. 
Frequency accuracy ... ee ae 1% 

Capacity accuracy ... Bee ve 1% or +- IppF. 
“Q”’ accuracy + 5% 


PRICE £85 
SAMWELL & HUTTON 


Electronic Equipment Manufacturers 


COMBINE WORKS 
1, GOODMAYES ROAD, ILFORD, ESSEX 
Telephone : SEVen Kings 6236 

















Two Books of special interest to all concerned 
with the mechanics of good distribution :— 


SOUND REPRODUCTION 
by G. A. BRIGGS. 


Indispensable, both to the expert and to the 
amateur enthusiast, the second edition of this 
authoritative work provides full information 
and detailed guidance on a variety of subjects 
ranging from cabinet design to needles and 
grooves. 

Extract from WIRELESS WORLD review of 
SOUND REPRODUCTION, 2nd edition : 
‘* No reader, whatever his height of brow, 
will fail to find something instructive or 
stimulating to thought in this generous 
collection of facts, dicta and opinion on the 
reproduction of sound.”’ 


248 pages, 193 diagrams. 


Bound Full Rexine 10/6 (I1/- post free). 
De Luxe Library Edition handsomely bound 
in real leather. 17/6 (18/3 post free). 


LOUDSPEAKERS 


by G. A. BRIGGS. 

The Why and How of Good Reproduction 
3rd Edition, (Sth Impression). 

A standard reference book, written. in the 
author’s attractive style, it answers the 
numerous questions that arise in connection 
with the reproduction of sound via the 
Loudspeaker. 

88 Pages, 5/-, 36 illustrations (5/3 post free). 


Obtainable from Radio Dealers, Booksellers, or direct from 
the Publishers. 


Whartedale 


WIRELESS WORKS, 
BRADFORD ROAD, IDLE, BRADFORD, YORKSHIRE. 





Enjoyment of these 
books is enhanced 
by the occasional 
flashes of humour 
now expected from 
Mr. Briggs. 








wVAc 


THE SCIENTIFIC 
VALVE 
BRITISH =—— MADE 


~~ 








HIVAC LTD 
GREENHILL GRESCENT, HARROW-ON-THE-HILL, MIDDX. 


Telephone : HARrow 2655 
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TRAINING 


ELECTRONICS 


RADIO - TELEVISION 
and. other INDUSTRIAL 
ELECTRONIC subjects 


HOME STUDY COURSES 
Moderate Terms Facilities for easy payment 


“Courses in Radio and Television (Theory and 
Practice) for A.M. Brit. 1.R.E., and City and 
Guilds Examinations.” ‘‘Training also given in 
many other branches of engineering including 
A.M.1.Mech.E., A.M.1.E.E., A.M.1.P.E., etc.” 
Obtain a copv of Free Brochure giving full details 
of — and Daytime Attendance Courses. 


Yrite to the Registrar 


Associated with 
“HM.V. 
MARCON'!PHONE 


DEPT. | fe PEMBRIDGE SQUARE, LONDON, W.2 COLUMBIA 
Telephone : BAYswater 5131/2. ETC 





E166 G. 


Change over with AU STUN LITE 





AUSTINLITE LIMITED (A Subsidiary of Chance Brothers Limited), 
Dept. A5, Lighthouse Works, Smethwick 40, Birmingham. Telephone : West Bronwich 1051 


TRANSMITTING EQUIPMENT 


Type 38 Walky-Talky 7-9 Mc/s., per pair of transmitters and receivers 
with all batteries, mikes, phones and circuit. Complete, 10 gns. 
100-watt multiple 807 transmitter 2-7°5 Mc/s., covers Amateur and 
_ bands, closely calibrated. 12V input with 700V generator. 





Transceivers. Several brand new American ‘‘ Business Band ’’ and 
Amateur models, including Jefferson Travis Transceiver at £15, 
in satin chrome and black crackle. 

1,200V Generator from 12V D.C. for T1154. 25/= each. 

Moving coil phone with hand mike, 12/6. 

Several powerful domestic and communication receivers for callers 
only, including UHF and 440 Mc/s. models. Eddystone Rack 
Equipment, Components, valves of all types, potted chokes and 
some ex-Govt. material. 

Open daily 9-6, including Saturdays. 


AUTOSPARES 


180 HIGH STREET, TOOTING, LONDON, 


Demonstrations 


S.W.17 

















‘ 


MAGNETIC TAPE RECORDING 


THE “ CLIFTON ” PLAYING DESK £25 with tape. 


Record/play heads 2 gns 
Erase heads os 2gns 
Oscillator units with valve ie = ce os), ee 
Oscillator coils ... a we oak saa A 10/- 
Capstan/flywheel assemblies cae ae Si ead a. 47/6 
Motors... on <> ae 
Matching transformers (in mu- metal cases) . tas -- I30/- 
Tapes : G.E.C. 1,200 fe. me koe .. 30/- 
EM! | 200 ae a es Si5 ; 25/- 
These parts are used as standard in the well-known © Clifton 2 


Recorders. 


Trade enquiries invited. 


BRISTOL CINE SERVICE 








33, ALMA VALE ROAD, BRISTOL, 8. Telephone : 33243. 





This change-over switch- 

board, installed by Higgins & 
Cattle Ltd., at Lloyds Policy 
Signing Office, London, is equip- 
ped throughout with Austinlite 
Rotary switches. Particulars 

of this sturdy 50 amp. and the 


new 30 amp. switch 


will be sent on request. 


PRODUCT 





sporenenemrenrsres 





=e cry 
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anya POTENTIOMETERS 


eceivers 
10 gns. 
eur and 
erator. 
d”’ and 
at £15, 












- callers Wire-wound and iyramivenincn types 
ve Rack Single, Ganged, Tandem Units. 
aus Characteristics : linear, log., semi-log., non- 
ar on inductive, etc. Full details on request. 
RELIANCE MNFG., CO. (SOUTHWARK), LTD., ELECTRO + CERAMIC INSULATORS & REFRACTORIES 
Sutherland Road, Higham Hill, Walthamstow, E.17 ‘i ct ake Cee 
5.W.I7 Telephone: Larkswood 3245 Lapa peer ss ha sEC yes 
TRADES 



























































































TUNGSTEN Contacts, Rods, Pins, Lead-in- 
NG E Wires, Targets, Shaped Components, Heater Wires, MAGNETIC 
2 gns 4 Spark Gaps. RELAYS 
2 gns. ; LARGEST STOCK IN 
3 |) |) MOLYBDENUM sates, nuts, Botts, per- GREAT BRITAIN OF RELAYS, 
47/6 forated Sheets, Coils, Spirals, and other Components 
39/6 y ees e po UNISELECTORS 
30/- : made from High Refractory Metals to Customers’ Design. — 
5). : Government Contractors 
lifton ”’ ELECT RO- ALLOY S Lt. RELAYS PQ. NS = 2 SPEED 
é 12, BRUNEL ROAD, LONDON, W.3 ALL NEW EX-MINISTRY GOODS 
33243, 30 PERCY STREET, LONDON, W.1. 
—— | VALVES. Guaranteed New& Boxed. Some Govt. Surplus Phones: MUSeum 7960 LANeham 4821 
iE im te Ri Hy “| apatites 
} iT4. 7/-. | KT66. 10/6. | 807, 6/6. | EA50. 2/6 Technical | ff 
S Gia fie fe S tenes 
tch- 324 3/6. 697, o-. | Hi. 6/9. | VUI. 4/6. sean _— 
. » | 6N7. 5 ‘ Tm. | bes . 
1 & SY3G 6/9. | 6SN7 76. | EFS W 12A6. és. combines with beauty and@Sess*Say ia 
, ons. as | 6SK7 5/6. | 80. 6/9. | PEN4.  8/- soundness of DESIGN in the © me 
licy 6C6. 6/3. | Ove. i 8606s | Ne, 
il 5 4 4 le . “. 77. /9 : 16.5 mm : 25 m/m 
67, 6. | 707, 6/9. | CZ4. 6/9. | EFSO. OXLEY *™ tHe 
uip- 6K?. 5/6. | 25A6G. _6/9._|_UI8. 8/9._| (SYLVANIA)8/-. 3t a ee. 
: ROLA 5in. P.M. 9/- each. G.E.C. 64 in. P.M. 6% ch. PLESSEY 8 in 2 to 26pF—11-5 m/m 
it vere, BMT TRGUE Pe heehee ER KES 
C. WIRE. An outstanding purchase. Single bien per 1 A og colours. DIE. LE CTRI Cc TRIMME R Geuabeat Sele Gan aaseeme 
lars PE CONDENSERS. All sizes 3/- ve Voltage: 500 D.C. 
‘ TERMS: C.W.O., C.O.D. Carr. paid on orders over £1. 
WRITE FOR LISTS OF OVER 500 RADIO LINES. OXLEY DEVELOPMENTS CO., LTD., 
the WILLIAM CARVIS, 103, North St., LEEDS. ULVERSTON, N. LANCS. TEL. ULVERSTON 3306 
itch 


lest. 


RATCHET AND REVOLUTION 
MICA COUNTERS 


PLEASE SEND FOR 


LEAFLET NO. 18/6 
Di Bs SHOWING Ful 
ELEMENT STRIPS ‘ALBION PRECISION 
oO CONDENSER PLATES COUNTERS 


SPECIAL SHAPES 





WASHERS acttet OncanstiOn 
WASHERS { 
— SOLE MAKERS AND PATENTEES : 


RITISH MICA C°L-BEDFORD. B. & F. CARTER & CO. LTD., BOLTON, N.3. 























INDEX TO ADVERTISERS 


Acheson Colloids Ltd. .. 
Airmec Laboratories Ltd. 
All-Power Transformers Ltd. 
Antiference Ltd. : 
Autospares .. 


Belling & Lee Ltd. 
Bray & Co., Ltd., George 
Bristol Cine Service 
British Electric Resistance Co., , Ltd. 
British Electronic Industries . . 
British Institute of Engineering 

Technology FF 5 
British I lated Callender’s Cables 

Ltd. ve ee Cover ii 
British Mica Co., Ltd. . a” aa 
British National Radio School, The .. 33 
—— Thomson-Houston Co., Ltd., 

h ; ‘ 

Bullers Ltd. +s ae ot ‘a 16 





Carter & Co., Ltd., B. & F 

—. Engineering Co. (Nottingham) 
Lt 

Carvis, William 

Chance Bros. 

Chapman & Hall Ltd. < 

Cinema- aw ge Ltd. .. 

Cole, Ltd., 

Cossor, Lid, 4% Cc. 


Darwins Ltd. 

Davis Supplies Ltd., Alec. 

Davis (Relays) Ltd., Jack 

Dawe Instruments Ltd. 

De La Rue & Co., Ltd., Thomas 
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Donovan Electrical Co., Ltd. .. 35 
Drayton —— & Instrument Co.. os 
Ltd. 


Edison Swan Electric Co., Ltd., The .. 
Edwards & Co. es! Ltd., Ww. 

Elco Plastics Ltd. 

Electro Alloys Ltd. 

E.M.I. Factories Ltd. 

E.M.I. Institutes Ltd. 


Furzehill Laboratories Ltd. 


Gardner’s Radio Ltd. 

General Electric Co., Ltd. ° 

General Engineering Co. (Radetite) 
Ltd. 


Hazlehurst Designs Ltd. 
Hivac Ltd. . 

Hogg, F. Livingston 
Hopton Radio Ltd. 


Marconi’s Wireless Telegfaph re Ltd. 

McGraw-Hill Publishing Co., Ltd. 

Measuring Instruments (Pullin) Ltd. 

Metropolitan-Vickers Electrical Co., 
Ltd. 


a d Seay | | 
Modern Book Co. .. : ss .. §32 


ia. 
7 and 31 
<_< 


Muirhead & Co., Ltd. 
Mullard Electronic Products Ltd. 
Murex Ltd. 


Nagard Ltd. 
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Oxley Developments Co., Ltd. .. 


Painton & Co., Ltd. : 
Partridge Transformers ads... 
Pearce (Pressings) Ltd., William 
Pell Control Ltd., Oliver ; 


Radiospares Ltd. 
Reliance Mnfg. Co. (Southwark) Ltd. 


Salford Electrical Instruments Ltd. 3 
Samwell & Hutton - 37 
Sangamo- Western Ltd. Cover . 
Standard a & Cables Ltd. 

Stern Radio Ltd. . 


Taylor & Co., Ltd., Armand .. = 

Telegraph Condenser Co., Ltd., The .. 

Telegraph Construction *& Mainten- 
ance Co., Ltd., The 

Tufnol Ltd. 


United Insulator Co., Ltd. 


Valradio Ltd. 


Vortexion Ltd. Cover i 


Walter Instruments Ltd. Cover iv 
Wayne-Kerr Laboratories, Ltd., The . 31 
Westinghouse Brake & Signal Co., Ltd. 33 
Wharfedale Wireless Works... 37 
Whiteley Electrical Co., Ltd. .. —— 
Wiggin & Co., Ltd., Henry aN os ae 








Series 65 





These three rectangular instruments are designed 
on symmetrical lines, thus giving a distinctive clear 
open scale and pleasing appearance. 
available in all standard ranges. 

35 can be fitted with dial illumination. 


Series 35 


MEASURING INSTRUMENTS (PULLIN) LTD. 


Electrin Works, Winchester St., Acton, London, W.3. 


Telephone ACOrn 4651/3 & 4995 


Each size 
The Series 65 and 


Series 30 
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WESTON 12-INCH SCALE 
LABORATORY STANDARDS 


For 
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measurements of extreme accuracy in laboratory, research and 
industrial use. ACCURACY 0-1 per cent. 
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SANGAMO WESTON LIMITED 


ENFIELD - MIDDLESEX ~< Tel.: Enfield 3434 (6 lines) and 1242 (4 lines) 
Grams: Sanwest, Enfield. 


BRANCHES : GLASGOW, MANCHESTER, NEWCASTLE-ON-TYNE, LEEDS, 
WOLVERHAMPTON, BRISTOL, SOUTHAMPTON, BRIGHTON. 
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fae Clectronic Engineering acca 


Which switch 
fits the 


niche Zz 


TYPE 8.1. 


By the time that has rolled round your tongue half a dozen times the T 
B.T. Switch could be fitted! It’s that sort of switch—small, compact, design: 
specially to fit easily into small spaces. It'll save you a lot of trouble. 


recently included some new features. Here they are — 


© The contact blades are fixed in a new 
This makes them completely rigid all the ti: 


a The drive spindle is positioned definitel 
— eee oe Oe the wafer. This provides double bearing. | 


Steady contact resistance. 
Improved insulation between contacts. 


W al l [ ¢C r Positive contact. 
Instruments aceckniie eal 


All these make the Type B.T. a better sw = 

LIMITED —more efficient and lasting. In fact just = 
switch you need for limited space = 
simple switching. 


WALTER INSTRUMENTS LIMITEC, GARTH ROAD, LOWER MORDEN, SURREY. TELEPHONE: DERWENT 442 : 
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